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Enclosed are two copies of Water Quality Data Report No. 1 summarizing the results
of the first round of water sampling at the W.R. Grace vermiculite mine near Libby, which
was done in mid-November. Please forward one copy to Tom Reid at the Water Quality
Bureau. The reports are delayed more than I would have liked. We had some difficulty
getting a rapid turn-around on the asbestos samples. When we did finally get the results,
they all looked reasonable except our blind control, which was nowhere near the duplicate
we submitted. We requested EMSL to look at this sample again and they reported what
seems to have been an obvious analytical error. Reanalysis of the control confirmed the
analysis of the original sample. We have also put a considerable effort into the report for
data interpretation which took some time. Later reports will not be so extensive.

We plan to make another sampling trip in late March at the start of spring runoff in
an effort to get data when sediment loading is likely to be higher and then again when runoff
has begun to decline. These sample dates would provide data in line with Tom Reid’s
response to our Water Quality Monitoring Plan. I would ask you to consider abandoning
a summer sampling campaign in the interest of saving our client some money on an effort
that is probably not going to provide any additional information. These sampling campaigns
cost almost $6,000.00 each for the analytical work and our labor hours are in addition to

that.

Let me know if you have any questions or comments regarding the data.
Sincerely,

( /ln?w) Q{a;@m J

Tom Hudson -
Project Manager ’
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
This report presents the data from the first sampling event performed on November 13-15,
1991. :
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2.0 METHODS

Sampling methods were outlined in the Water Quality Monitoring Plan submitted in
September, 1991. One modification to the plan was made in the field. It was observed that
the diversion of Rainy Creek above the tailings impoundment was not totally effective and
that appreciable flow was reestablished below the dam from runoff and groundwater
seepage. In the interest of getting complete data this flow was also sampled at Site SW-11.

Some modifications were made to the sample preservation techniques outlined in the
Plan to comply with accepted standard methods. The preservation techniques and analytical
methods used are summarized in Table 2.1. All samples were stored and shipped on ice.
Metals were analyzed as the "total recoverable" form according to procedures outlined in
Standard Methods for Examination of Water and Wastewater (APHA, 1985).



Table 2.1. Summary of sampling and analytical

methods for water samples.

TDS EPA 160.1 TPH H,S0,/Glass EPA 418.1 Flow Pygmy current meter/ Baski
TSS EPA 160.2 " Cu HNO,/PE EPA 220.1/200.7 | pH Field pH meter
Asbest. Fibers | EPA-600/4-83-043 || Zn HNO,/PE EPA 289.1/200.7 || EC Field EC meter
Hardness EPA 130.2 Cd HNO,/PE . EPA 213.1/200.7 || DO Field D.O. meter
Alkalinity EPA 310.1 Pb HNO,/PE EPA 239.2/200.7 Temp. Field meter
NO; EPA 353.2 Hg HNO,/PE EPA 245.2

S0, EPA 375.3 Fe HNO,/PE EPA 236.1/200.7

cr EPA 325.3 As HNO,/PE EPA 206.3

F EPA 340.2 | Ni HNO,/PE EPA 249.1/200.7

Ca EPA 215.1/200.7 Cr HNO,/PE EPA 218.1/200.7

Mg EPA 242.1/200.7

Na EPA 273.1/200.7

K EPA 258.1/200.7

CO,?HCO, EPA 310.1

1

2

polyethylene (PE) bottles.

EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in "Analytical Procedures
for Determination of Asbestos Fibers in Water* (EPA-600/4-83-043).
Samples were acidified to a value less 20. The TPH sample was collected in a 1 L glass bottle; metals were collected in 500 ml



3.0 PRESENTATION OF DATA

Results of the November 13-15, 1991 sampling campaign are summarized in tabular
form as follows:

e Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow. Dissolved oxygen monitoring was also planned. However, the
meter failed in the field.

e Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations. '

e Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

e Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, is included in Appendix A and B, respectively.
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Table 3.1. Field data summary.

SwW-1 Upper Rainy Creek above diversion dam 7.44 0.27 3.4 0.35'
Sw-2 Fleetwood Creek above coarse tails 7.56 0.37 59 0.192
SW-3 Upper Carney Creek at Zook's Dump 7.37 0.86 7.5 <.01?
SW-4 Lower Carney Creek above Rainy Creek : 835 0.69 4.3 0.24%
SW-5 Tailings dam toe drains ' ' 6.78 0.75 9.1 1.22'
SW-6 Tailings pond surface water 7.98 0.26 3.0 0.00
SW-7 Lower Rainy Creek leaving mine property 8.03 0.66 4.4 1.10'
Sw-8 Lower Rainy Creek above Kootenai River 8.15 0.70 6.5 2.03'
Sw-9 Kootenai River above Rainy Creek _ Not Sampled*
SW-10 Kootenai River below Rainy Creek _ Not Sampled*
SW-11° Rainy Creek flow into tailings pond 7.36 . 0.38 4.4 0.332
| PW-1 Pore water from tailings | 7.26 1.25 7.5 NA
PwW-2 Groundwater near SW-11 8.16 .58 4.5 NA

Flow measurement was made with a Pygmy current meter.

Flow measurement was made with a Baski cutthroat flume.

The dissolved oxygen meter failed.

Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.

The Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the tailings
impoundment.

a & W N -




Table 3.2. Laboratory data summary for metals

SW-1 Upper Rainy Creek <0.001 k0.001 1<0.02 | <0.01 |<0.03 k0.01 1<0.001 |<0.03 0.02 3 3 68 11

above diversion dam

Sw-2 Fleetwood Creek <0.001 k0.001 {<0.02 | <0.01 |{<0.03 k0.01 |<0.001 |<0.03 0.05 9 4 88 16
above coarse tails

SW-3 . Upper Carney Creek {<0.001 0001 |<0.02 | <0.01 0.29 K0.01 |<0.001 |<0.03 0.01 18 8 118 34
at Zook’s Dump

Sw-4 Lower Carney Creek 0.001 k0.001 {<0.02 | <0.01 0.05 k0.01 |<0.001 |<0.03 0.02 11 9 98 9
above Rainy Creek :

SW-5 Tailings dam toe 0.005 k0.001. | <0.02 | <0.01 0.07 k0.01 |<0.001 |<0.03 0.16 10 6 92 25
drains

SW-6 Tailings pond surface | <0.001 0.001 {<0.02 | <0.01 0.09 <0.01 |<0.001 |<0.03 | <0.01 2 1 14 4
water

SW-7 Lower Rainy Creek 0.003 k0.001 |<0.02 | <0.01 0.18 k0.01 |<0.001 [<0.03 | <0.01 9 6 90 24
leaving mine property

SW-0 Blind Control 0.004 k0.001 |<0.02 | <0.01 0.16 K<0.01 |<0.001 }<0.03 | <0.01 10 6 91 24
(Replicate of SW-7)

SW-8 Lower Rainy Creek 0.003 k0.001 }<0.02 | <0.01 0.17 k0.01 [<0.001 {<0.03 | <0.01 10 6 91 22
above Kootenai River : '

SwW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 Kootenai River below Not Sampled
Rainy Creek

SW-11 Rainy Creek flow into 0.001 k0.001 |<0.02 | <0.01 §<0.03 kO0.01 [<0.001 ]<0.03 | <0.01 5 3 70 11
tailings pond

PW-1 Pore water from 0.004 k0.001 |<0.02 | <0.0t1 1.72 k0.01 {<0.001 |<0.03 | <0.01 19 13 175 64
tailings

PW-2 Groundwater near <0.001 F0.001 <0.02 | <0.01 [<0.03 k0.01 |<0.001 |<0.03 |<0.01 5 5 65 13
SW-11 .
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Table 3.3. Laboratory data summary for miscellaneous constituents.

SW-1 Upper Rainy Creek 4 <1 0 249 203 1 216 204 | <0.05 | 0.25 |<0.1
above diversion dam

SW-2 Fleetwood Creek 15 5 0 320 312 3 283 262 | <0.05 | 0.32 {<0.1
above coarse tails

Sw-3 . Upper Carney Creek 13 2 0 531 496 8 434 435 0.44 | 0.25 |<O.1
at Zook's Dump

SW4 Lower Carney Creek 21 2 6 428 400 <1 363 361 0.25 | 0.28 |<O.1
above Rainy Creek '

SW-5 Tailings dam toe ] 8 0]. 390 364 <1 332 319 | <0.05 | 31 <0.1
drains

SW-6 Tailings pond surface 6 1 0 52 52 2 54 43| 006 | 028 | 03
water

SW-7 Lower Rainy Creek 11 10 0 378 350 2 322 310 0.05 | 23 |<0.1
leaving mine property

SW-0 Blind Control 11 10 0 381 353 4 325 313 | 005 |24 |<01
(Repilicate of SW-7) '

SwW-8 Lower Rainy Creek 11 10 0] 367 348 6 318 301 0.06 | 1.6 |<0.1
above Kootenai River

SW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 Kootenai River below Not Sampled
Rainy Creek

SW-11 Rainy Creek flow into 5 <1 0 269 223 <1 220 220 { <0.05 | 0.15 |<0.1
tailings pond

PW-1 Pore water from 1 18 0 911 822 NA 699 747 140 | 3.5 NA
tailings

PW-2 Groundwater near 9 2 0 243 252 | NA 216 199 | 265 | 044 | NA
SW-11




Table 3.4. Laboratory data summary for asbestiform fibers.

SW-1 Upper Rainy Creek 0.07 <0.07 <0.07 <0.07 BDL
above diversion dam

SW-2 | Fleetwood Creek 0.07 2.0 1.4 0.5 24
above coarse tails

SW-3 Upper Carney Creek 0.2 54 8.4 1.8 42
at Zook's Dump

SW-4 | Lower Carney Creek 0.07 18| 21 0.1 6.4
above Rainy Creek

SW-5 Tailings dam toe 0.3 0.6 0.6 0.3 8.8
drains

SW-6 Tailings pond surface 0.6 9.0 16.4 1.7 52
water

SW-7 Lower Rainy Creek 1.5 62 56 12 140
leaving mine property

SW-0 Blind Control 2.1 66 75 19 250
(Replicate of SW-7)

SwW-8 Lower Rainy Creek 1.9 73 83 17 240
above Kootenai River

SW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 | Kootenai River below Not Sampled

' Rainy Creek

SW-11 Rainy Creek flow into 0.07 <0.07 <0.07 <0.07 BDL
tailings pond
EMS Laboratories 0.04 <0.04 <0.04 <0.04 BDL
Blank




4.0 DATA ANALYSIS

The important findings of this testing are summarized as follows:

Upper Rainy Creek (Sites SW-1 and SW-11) was found to be free of asbestiform
fibers. Metal levels were all below detection limits with the exception of zinc which
was .05 mg/l. :

Fleetwood Creek (SW-2) and Lower Carney Creek (SW-4) showed asbestiform fiber
counts of about 4 million fibers per liter (MFL). Upper Carney Creek (SW-3), which
originates as a trickle from a waste dump, contained 15.6 MFL. Otherwise, water
quality was similar to that in Upper Rainy Creek with the exception of slightly
elevated iron levels (.29 and .05 mg/l) in Carney Creek. The elevated iron may be
attributed in part to higher sediment loading in these samples.

Samples of the tailings impoundment toe drains (SW-5) indicated that As, Fe and Zn
were._elevated_above. ambient levels at 0.005, 0.07 and 0.16 mg/l respecnvely .
Fluoride, which is present because of the use of HF as a flotation reagent, was 3.1
mg/l. This is about an order of magnitude higher than natural streams in the area.

The toe drains contained only 1.5 MFL of asbestiform fibers ostensibly due to
effective filtration in the dam foundation materials.

Surface water from the tailings impoundment (there was no outfall at the time of
sampling) had the lowest TDS values of any samples collected. This sample (SW-6)
was collected from under an ice layer. As such, it may have been a product of
purification by successive freezing and thawing or simply diluted by natural
precipitation. This was the only sample to show any indication of petroleum
hydrocarbons with a concentration of 0.3 mg/], just above the detection limit. This
sample did contain elevated levels of asbestiform fibers at 26.1 MFL.

Samples from the two sites on Lower Rainy Creek (SW-7 and SW-8), below the
tailings impoundment, show the impact of fluoride, arsenic and iron from the toe
drains and Carney Creek ‘but zinc is not detected at these sites. Asbestiform fibers
from these sites were much higher than any other sampling locations, 130 and 173
MFL, respectively. The asbestiform fiber contamination _certainly..must_ be.
characterized as a non-point spurce 1mpact tbased on this finding. As shown in Figure
4.1, over 95 percent of the asbestiform fibers entering the Kootenai River orlgmate
below Carney Creek. It is probable that much of the high tremolite fiber content is
derived from the early years of operation before the existence of the tailings
impoundment. Tremolite is believed to have formed through hydrothermal alteration

of pyroxenite during the last stage of geologic development when quartz and calcite
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Figure 4.1  Schematic flow diagram of the Rainy Creek drainage with mass flow
measurements for selected components.



veins intruded the Rainy Creek Complex (Boettcher, 1966). Figure 4.2 shows that
Fleetwood Creek appears to have exposed the pyroxenite through erosion.
Consequently, alluvial deposits in Lower Rainy Creek probably also contain tremolite
- fibers of natural origin. The relative contribution of tremolite from natural and
historic mining sources cannot be detcrmmed T

The flow at site SW-7 was only 1.10 cfs. This is less than the total flows from the toe
drains, Carney Creek and the diverted Upper Rainy Creek (a total of 1.81 cfs). This
site is in a relatively flat portion of the Rainy Creek Drainage below the water
storage pond. It is probable that soils in this area are gravelly and that the pond acts
to divert a portion of the surface flow back to groundwater flow thereby reducing the
flow measured at SW-7. Most of this flow appears to be recovered as surface flow
by the time Rainy Creek reaches SW-8. Most drainages contain both surface flow
and an associated subsurface flow. Gaining or losing stretches where groundwater
may emerge as surface flow or surface flow may infiltrate to groundwater are normal,
particularly in small streams. :

Fluoride analyses appear to be a good indicator of the combined surface and
subsurface flow, below the tailings dam. An estimate of total system flow can be
calculated for sites SW-7 and SW-8 based on ﬂuorlde analyses making the following
assumptions:

1) there is no attenuation of fluoride in the streambed,

2) there are no other water inputs containing high fluoride other than the toe
drain flow, and

3) all additional groundwater and surface recharge to Rainy Creek is at the 0.3
mg/l F concentration typical of the area.

Using these assumptions, the calculated system flows at SW-7 and SW-8 are 1.71 and
2.28 cfs, respectively.

The water balance around the tailings impoundment suggests that additional
groundwater is being released from the toe drains as a result of natural seepage in
this area (this was their intended purpose) and/or pore water draining from the
tailings material as a result of the recent efforts to lower the water level in the
tailings pond. Measured inputs to the impoundment are 0.52 cfs but toe drain flow
is 1.22 cfs.

Pore water samples showed some differences in Ca/Mg ratios between the local
groundwater and stream flows (typically about 6:1) and water in the tailings
impoundment (measured at 2.73:1). The toe drain Ca/Mg ratio was intermediate.
compared to these. Based on these ratios an estimated 60 to 70 percent of toe drain
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flows originate in or pass through the tailings materials. This ana1y51s is confirmed
by the elevated fluoride levels in the toe drains.

There is evidence of very low levels of nitrate input to Carney Creek probably from
the waste rock dumps which could have residual nitrate as the result of blasting. The
nitrate is also evident in Lower Rainy Creek; however, it is just above detection
limits.

There is a general trend toward an increase in hardness and alkalinity as one moves
down the Rainy Creek drainage. Mine wastes probably contribute to this as
evidenced by samples from Upper Carney Creek (SW-3) and the tailings pore water
sample (PW-1) both of which are generated by direct contact of water with mine
wastes.

Table 4.1 compares measured values with applicable drinking water standards. The
only issues of concern appear to be asbestiform fibers and fluoride which are
marginally higher than drinking water standards for some samples. There is no
current drinking water standard for nickel. The EPA Gold Book Update No. 1
(USEPA, 1987) lists a human health criterion for nickel of 0.1 mg/l.

The Gold Book (USEPA, 1986) also lists an increased risk level of 10 for asbestos
at a concentration of 30,000 fibers per liter without specific reference to size or
aspect ratios and without judgement on what constitutes acceptable risk. The
drinking water standard for asbestos which takes effect in July, 1992 presumably
reflects the current thinking on asbestos-related health risks in public water supplies.




Table 4.1 A comparison of measured water quality data with drinking water standards.

As <0.001 to 0.005 SW-5 0.05

Cd <.001 All 0.005'

Cr <.002 All 0.1

Cu <.01 All 1.0
Fe <0.03 to 0.29 SW-3 0.3
Pb <.01 All 0.05

Hg <.001 . Al 0.005

Ni <.03 Al

Zn <0.0110 0.16 SW-5 5.0

Asbestos <0.07 to 19.0 SW-8 7.0'2

S0, 410 21 SW-4 250
Cr <1to 10 Sw-8 250
NO, <0.05 to 0.44 SW-3 10.0

F 0.25 to 3.1 ' SW-5 2.0
pH 6.78 t0 8.35 SW-5{min); SW-8(max) 6.5t0 8.5
TDS 52 to 496 _ SW-3 500

! These standards are added or revised effective July 1992,
2 Fiber counts are based on fibers greater than 10 microns in length with an aspect ratio greater
than 3:1.
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APPENDIX A

ENERGY LABORATORIES DATA REPORTS




APPENDIX B

EMS LABORATORIES DATA REPORTS




fll[ﬂﬁy ENERGY LABORATORIES, INC. i RECLCS Dect 2 1991

LABORATORIES P.0. BOX 30916 ¢ 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 @ PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45313
ADDRESS: P.O. Box 6186 DATE: 12/11/91% crp
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-0
Sampled 11/14/91 @ 0930
Submitted 11/20/91

Constituent mga/! m
Potassium . .. ..... ... e e e 10
Sodium ... e e e e e 6
Calcium . ............... e e e et 91
Magnesium ... ... ... st e e e 24
11 - (- T 11
Chloride . ... . . i ittt e et e e 10
Carbonate ......... e et e e e e e 0
Bicarbonate . ........ ..t e e 381
Total Dissolved Solids @ 180°C . .. ..., 353
Total Suspended Solids . ........ .0 iireran. -4
Total Hardness as CaCO; . . .. ..... ..o inL, 325
Total Alkalinity as CaCO; . . ... ... i ii v, 313
Nitrate plus Nitrite as N . . . . . . . .. ... .. . .. : 0.05
L TR T ¢ T« -5 2.4
Total Acidity as CaCO, . .. .. o ittt i iie et e e N/A
Total Petroleum Hydrocarbons* . .................. <0.1

Total Recoverable Metals:

Arsenic . ....... e e e e et e i e e 0.004
(0= T [ 4111 15 + TP SR <0.001
CRIOMIUM . . .ttt e et e ettt e et eaae e <0.02
0o o o 11 L <0.01
7o o TN 0.16
17 T <0.01
MEICUNY . o i it ittt e ittt ettt <0.0001
NICKEE & .ttt ittt et e e et e e e e <0.03

74 13 VS <0.01

* Analysis done by EPA method 418.1
COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




fﬁfﬂﬁ ENERGY LABORATORIES, INC.

LABORATORIES P.0. BOX 30916 « 1107 SOUTH BROADWAY e BILLINGS, MT 53107-0916 » PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT
TO: Schafer & Associates LAB NO.: 91-45314

ADDRESS: P.O. Box 6186 DATE: 12/11/91 crp
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-1
Sampled 11/13/91 @ 1350
Submitted 11/20/91

Constituent mg/l m
POtaSSIUM & v i it ittt e e e e e e e 3
Sodium ... e e e e e e 3
Calcium . . . o e e e e e e e e e 68
Magnesium .. ... ... . . i e e e e 11
Sulfate ... .. e e e 4
Chloride . ... it it i i e e e e e e e e <1
Carbonate ... ... ..ottt e e e 0
Bicarbonate ........ e e e e e e 249
Total Dissolved Solids @ 180°C . ... ............... 203
Total Suspended Solids . . .........iuii i inenienn. 1
Total Hardness as CaCO; . . . .. . . .. it i it i i v 216
Total Alkalinity as CaCO; . ... .......... ... ..... 204
Nitrate plus Nitrite as N . . ... .................... <0.05
Fluotide . . . v i ittt it st e e e e e e 0.25
Total Acidity as CaCO; . . ... .. i v it N/A
Total Petroleum Hydrocarbons®™ .. ................. <0.1

Total Recoverable Metals:

N -T2 o2 <0.001
(- Yo |12 1115 « <0.001
L0 V(o2 311112 « P <0.02

L0 0 o o1 <0.01
' 2 T <0.03
1= 1 [ <0.01
MEICUNY . . it it ettt e et et e e <0.0001
Y11 =] <0.03
7.4 2 Yo 0.02

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




ENERLGY ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 e 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 « PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45315
ADDRESS: P.O. Box 6186 DATE: 12/11/91 crp
Bozeman, MT 58715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-2
Sampled 11/14/91 @ 1450
Submitted 11/20/91

Constituent mgq/ m
POtassSiUM . . . . L e e e e e et e e 9
Sodium . . e e 4
Calcium . . . e e e e e e e e 88
Magnesium . ... .. .. .. i s e e e 16

R 1] - 1 (- 15
Chloride ... ... it i i et ettt ee e 5
Carbonate . ........ .0ttt aann 0
Bicarbonate ........ e e e et e e e, 320
Total Dissolved Solids @ 180°C . . ........ v e 312
Total Suspended Solids . .........c.0tvivinennnann 3
Total Hardness as CaCO; . . . ... .o vttt i i e i e et 283
Total Alkalinity as CaCO; . . . .. .. oot i it e 262
Nitrate plus Nitrite as N . . . . . ... ... ... ... <0.05
Fluoride . . .. v i i it it it it i e it e e 0.32
Total Acidity as CaCO, .. ......... ... .. N/A
Total Petroleum Hydrocarbons®* ................... <0.1

Total Recoverable Metals:

Y 7 - o L 3 <0.001
Cadmium . . ..o e e e e e e e e <0.001
(0 o7 fo o 0 1Y 2 Y <0.02
L0 T o o - <0.01
o o T <0.03
I T P <0.01

Y 1= o o <0.0001
NICKE « v vt e e e e e e e e e e e e e e e e e e e <0.03
74 1 T2 0.05

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERTY ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 » 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 ¢« PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45316
ADDRESS: P.O. Box 6186 DATE: 12/11/91 crp
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-3
‘Sampled 11/14/91 @ 1400
Submitted 11/20/91

Constituent maq/| m
POtassSiUM . . . .t i e e e e e e e 18
Sodium . . L e e e e 8
Calcium . . .t i i e e e 118
Magnesium . ........... .. ... i, 34
SUfate . .. e e e e e e e e 13
Chloride ... . i it i it it et e et e e e 2
Carbonate . .. ....veuiirneea S . 0
Bicarbonate . ... ...ttt e e e e e 531
Total Dissolved Solids @ 180°C . . ................. 496
Total Suspended Solids . ............c0ii... 8
“Total Hardness as CaCO, . . . .. .o iiin v i i i i e e 434
Total Alkalinity as CaCO, . ... .. .o oo v v i i, 435
Nitrate plus Nitrite as N .. ... . e e e e 0.44
Fluoride . ... .. i i it i i et i et i e 0.25
Total Acidity as CaCO, . ... ... .. it N/A
Total Petroleum Hydrocarbons* ................... <0.1

Total Recoverable Metals:

N 1= 2 1S <0.001
Cadmium . . . o et e e e e e e e e e e e e e <0.001
Chromium . . ... v ittt it ittt s e e e e <0.02
0+ o - L <0.01
1’ o YRS OO 0.29
1= Vo O <0.01

Y =Y o oY <0.0001
[V o1 <= <0.03
747 >SS A 0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



FNERGY ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 o 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 » PHONE (406)252-6325
FAX (406)252-6069 o 1-800-735-4489

LABORATORY REPORT

TO: Schafer. & Associates LAB NO.: 91-45317
ADDRESS: P.O. Box 6186 DATE: 12/11/91 crp
- Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-4
Sampled 11/14/91 @ 1145
Submitted 11/20/91

Constituent mag/l m
PotassiUm . .. .. ... it e e e e 1
Sodium .. e e e 9
Calcium . . oo e e e 98
MagnesiUM . . ... ..ttt et e e 29
Sulfate . ... e e i e e 21

1] 1o T o [ 2
Carbonate ......... e e e e 6
Bicarbonate . ......... ... i i e e 428
Total Dissolved Solids @ 180°C . .................. 400
Total Suspended Solids . ..........c.v e, <1
Total Hardness as CaCO; . . . . .. .o o i ittt 364
Total Alkalinity as CaCO; . .. ..... ... v v i, 361
Nitrate plus Nitrite as N . . . .. ... ... .. o i 0.25
Fluoride . ... ... i ittt i i i e it e e 0.28
Total Acidity as CaCO; . ........ ... N/A
Total Petroleum Hydrocarbons* ................... <0.1

Total Récoverable Metals:

N -T=) 11 0.001
L= To (3.1 11T 12 1 T <0.001
(00 Y7o Y2 £ 1172 ¢ TSRO <0.02
0= o011 <0.01
' 2 T 0.05
==« <0.01
MerCUrY . i ittt e e et e e <0.0001
N3 2= <0.03
4T o V-SSR 0.02

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




ENEREGY ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 « 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 » PHONE (406)252-6325
FAX {406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45318
ADDRESS: P.0. Box 6186 DATE: 12/11/91 crp
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-5
Sampled 11/14/91 @ 1600
Submitted 11/20/91

Constituent mg/l m
Potassium .............. @ e e e e e e 10
SodIUM & e e e e e e P e 6

08 1o 17T o o T 92
Magnesium . .. ... ittt e et 25
Sulfate ................ e e et e 9
Chloride . ... ... ...ttt ittt it 8
Carbonate . . ... it et et e e 0
Bicarbonate . . ... ...t i e et e 390
Total Dissolved Solids @ 180°C ... ... 364
Total Suspended Solids . . ........c.0 0t <1
Total Hardness as CaCO; . . ... v v i it ittt i it e e 332
Total Alkalinity as CaCO; . . . ... .. oo i i i i it 319
Nitrate plus Nitrite as N . . . . ... ... ... ... .. <0.05
TR T T - 3.1
Total Acidity as CaCO; ... .. . ... i ieii it N/A
Total Petroleum Hydrocarbons®* . .................. <0.1

Total Recoverable Metals:

APSEBNIC . v vt ittt ettt et e e e 0.005
(- Vo 2 011012 o 1SN <0.001
(04 770 0 1 110 2« T <0.02
0o - <0.01
e 2 T OO 0.07
=Y To [N <0.01
MBICULY v ot ottt e ettt sttt ateee e aneneas <0.0001
Nickel &« ittt s et it it it e e e e e e e <0.03

& 2 Yo 0.16

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




W

ENERGY

LABORATORIES

ENERGY LABORATORIES, INC.

P.O. BOX 30916 ¢ 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 « PHONE (406)252-6325
FAX (406)252-6069 ¢ 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates i LAB NO.: 91-45319

ADDRESS: P.0O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-6, Tailing Imp.,
Sampled 11/14/91 @ 1700
Submitted 11/20/91

Constituent mg/l m
POtasSiUM . ... i it e e e e e 2
Sodium . .......... .. e e e 1
CalCium . vttt e e e e e e e e e 14
Magnesium . . ... it ittt i e s s 4
SUfate . .. i e e e e e e e e e e 6
Chloride . . ittt e e e e e e e e 1
Carbonate ......... e e e e e e e 0
Bicarbonate . ........ ..t e e e 52
Total Dissolved Solids @ 180°C . . ...........cc.... 52
Total Suspended Solids . ........................ 2
Total Hardness as CaCO; . . ... .. . v v ittt i e i e e n 54
Total Alkalinity as CaCO3 . . . . .t - it it i i et e e 43
Nitrate plus Nitrite as N . .. .. ........ ... ... . ... 0.06
T Lo T - 0.28
Total Acidity as CaCO; ... .. ..o it i it r e e e N/A
Total Petroleum Hydrocarbons®* ............. e e 0.3

Total Recoverable Metals:

N Y=Y o1 o2 <0.001
{0 Vo [ 1171 o N <0.001
(104 370 115110 1 » OO <0.02
[+ o o T <0.01
T T AU P 0.09
- 1 » 1 <0.01
MEICUNY . vttt it ettt at i i s e i <0.0001
NICKEL & . ot e it e e ettt e e e e e e <0.03
74 oY« <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 e 1107 SOUTH BROADWAY o BILLINGS, MT 59107-0916 » PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45320
ADDRESS: P.O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-7
Sampled 11/14/91 @ 1015
Submitted 11/20/91

Constituent mg/l (ppm)

POtassiUm . . .. ... ittt e e e e e 9
Sodium ... e e e e e e e 6
L1 1€ 1 4 T 30
MagnesiUM . . .t ittt s e e e e e e e 24
SUfAtE . . . e e e e e e e e e 11
Chloride . ...... ...ttt ittt 10
Carbonate ... .... ... .ttt ie it 0
Bicarbonate . ............ e e 378
Total Dissolved Solids @ 180°C . ... .........c..... 350
Total Suspended Solids . . ... ... ... 2
Total Hardness as CaCO; . ... ....... .. i 322
Total Alkalinity as CaCO; . . .. ... ... . i, 310
Nitrate plus Nitrite as N . . . . . .. ... ... i, 0.05
Fluoride .. ... . i ittt ittt i it i e - 2.3
Total Acidity as CaCO; . .. . .. ittt it i e et ine e N/A
Total Petroleum Hydrocarbons®* ................... <0.1

Total Recoverable Metals:

Y - 3 o 0.003
L T 2.0 11¥1 1 1 RS <0.001
L0 T2 4 11¥ 1.2 T <0.02
100 o T L <0.01
1o Y o 0.18
107 Lo <0.01
MEICUTY v vt ittt et et e e e e e <0.0001
NICKEl vt ettt it e e e e e e e e e e e e e <0.03
7.4 3 Vo3 <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



- eme——

ENERGY LABORATORIES, INC.

P.0. BOX 30916 » 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 » PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

Schafer & Associates LAB NO.: 91-45320 dup
P.O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp

QUALITY ASSURANCE - DUPLICATE ANALYSIS

W.R. Grace Mine, Libby, MT
SW-7
Sampled 11/14/31 @ 1015
Submitted 11/20/91

Constituent mg/| m
POotassiUM . . .. e e e e e e e 11

Y e 1o 11V 'y T 7
Calcium . ... i e e e e, 91
Magnesium ... ...t e e i i 23

ST -1 10
Chloficle . ... . it i i e et ie i e 10
Cartbonate ... ... ... ..ttt ittt 0
Bicarbonate ... .. ... e e e 376
Total Dissolved Solids @ 180°C . ... ... i 351
Total Suspended Solids .. .............. ... ..., 2
Total Hardness as CaCO; . . ........ ... v, 322
Total Alkalinity as CaCO; . .............. e 308
Nitrate plus Nitrite as N . . . . .. ... ... ..., 0.05
1 110 T - 2 2.4
Total Acidity as CaCO; ... ... ... i, N/A
Total Petroleum Hydrocarbons® . .................. N/A
Total Recoverable Metals;

ArSeNIC .. i i e e e e e e 0.003
O o {3 1117 o TR <0.001
Chromium . ... .. it it e <0.02
0o o o - <0.01
oY o 0.18
Lead . ... i i e i et e <0.01
117 =T oL 1T <0.0001
1AV ox < <0.03
74 - 0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE

INE (406)252-6325
3 ¢ 1.800-735-4489

15321
J29/91 crp
11/91 crp



Eﬁfﬁﬁy ENERGY LABORATORIES, INC.

LABORATORIES P.0. BOX 30916 o 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 » PHONE (406)252-6325
FAX (406)252-6069 o 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45321
ADDRESS: P.O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 : REVISED: -12/11/91-crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
SW-8 -
Sampled 11/14/91 @ 0815
Submitted 11/20/91

Constituent mg/l m
Potassium . . ... .. .. . e e e 10
Sodium ... ... e e e 6
Calcium . . ... .. e e e 91

, Magnesium . . ... .. e e 22

i Sulfate . ... ... . e e e 11

i Chloride . ...... ...ttt 10

i Carbonate . ....... ..ot 0

; Bicarbonate . ... ... .. ... ... e e 367

! Total Dissolved Sohds @180°C ..., 348

! Total Suspended Solids . ........................ 6

§ Total Hardness as CaCO; . . . ... ... .. i i i .. 318

; Total Alkalinity as CaCOy . . . ..ot i ittt 301

j Nitrate plus Nitrite as N . . . . ...... ... ... ... .... 0.06

! Fluoride . ... ...... . . . it i, 1.6
Total Acidity as CaC0O; . ...... ... ... .. ... N/A

" Total Petroleum Hydrocarbons* . .................. <0.1

Total Recoverable Metals:

ArSBNIC . .t e e e e e e e e e 0.003
Cadmium . .. ... e e e e e e <0.001
Chromium . .. e e e e, <0.02
L0 o o o 1T <0.01

1 o o 0.17
Lead . ... e e e e <0.01
Mercury . .. . e e e e e <0.0001
Nickel . ... i e e e e e e <0.03
Zinc ... e e e e e e e e e e .- <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




EMERGY / ENERGY LABORATORIES, INC.

LABORAYORIES P.0. BOX 30916 e 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 ¢ PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates ) LAB NO.: 91-45321 spi

ADDRESS: P.O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp

QUALITY ASSURANCE - SPIKED ANALYSIS

W.R. Grace Mine, Libby, MT
Sw-8
Sampled 11/14/91 @ 0815
Submitted 11/20/91

~ Constituent % Recovery
Potassium . ... ... . e e e e e e 90
SOdIUM .. i e e e e 96
Calcium . . ... e e e e e 95
Magnesium . ... ... e e s 97
Sulfate ............... e e e e et 98
Chlofide . ... ittt e i it it ettt ie et 97
Carbonate ........ e e N/A
Bicarbonate ........... .. i i N/A
Total Dissolved Solids @ 180°C .. ................. N/A
Total Suspended Solids .. ... ...t iiinnnin. N/A
Total Hardness as CaCO, . . . ... ... ..o i i ii it i e e N/A
Total Alkalinity.as CaCO, . ................. e N/A
Nitrate plus Nitrite as N . . .. . ... .. ... ... o L., 98
Fluoride .. ... . ittt it ittt i e it e 924
Total Acidity as CaCO, .. .... . ... .., N/A
Total Petroleum Hydrocarbons®* .. .... R N/A

Total Recoverable Metals:

N 271 11+ 85
(- T 12 21117 2 s DR 97
(194 1712117 o + 90
(07 o 1 P 96
75 o T 91
1Y T« 95
=T o1 Y 99
NiCKel . . vttt sttt e e e e e e e e e 91
.4 T~ O 93

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY

ENERGY LABORATORIES, INC.

P.O. BOX 30916 e 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 ¢ PHONE {406)252-6325
LABORATORIES FAX (406)252-6069 » 1.800-735-4489
LABORATORY REPORT
TO: ' Schafer & Associates LAB NO.: 91-45322
ADDRESS: P.O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp
WATER ANALYSIS
W.R. Grace Mine, Libby, MT
SW-11
Sampled 11/14/91 @ 1515
Submitted 11/20/91

Constituent mg/! (ppm)
Potassium . .. ... i i e e e ‘e 5
Sodium . .. e e e e e e 3
Calcium . .. . e e e 70
Magnesium . ... i e 11
SUfate . ... e e e e e e e e e 5

CChloride ... e e e <1
Carbonate ......... e e e e e e et 0
Bicarbonate . ... ... ... .. e e e e 269
Total Dissolved Solids @ 180°C . ... ............... 223
Total Suspended Solids .. ..........c.0iviunnn <1
Total Hardness as CaCO; . . . . . . . ot i vt i ii i i, 220
Total Alkalinity as CaCO3 . . . .. v v ie v i iee e e e 220
Nitrate plus Nitrite as N . . . .. .. ... . ittt <0.05
Fluoride . . .. oottt e e e e e e e e e e 0.15
Total Acidity as CaCO, .. .... .. ... . ... N/A
Total Petroleum Hydrocarbons®* . .................. <0.1
Total Recoverable Meztals:
Y 7~ o o 0.001
Cadmium . . ... e e e e e e e e, <0.001
Chromium . .. .. e e e e e e <0.02
07 T T« T <0.01
2 o <0.03
L= T <0.01
MerCUNY . .. . e e e e e e e <0.0001
NiCKEl . s e e e e e e e e e e <0.03
4 3 Y~ <0.01

* Analysis done by EPA method 418.1

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ﬁ[ﬂﬁ}’ ENERGY LABORATORIES, INC.

LABORATORIES P.0O. BOX 30916 e 1107 SOUTH BROADWAY e BILLINGS, MT 59107-0916 ¢ PHONE (406)252-6325
FAX (406)252-6069 e 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 91-45323
ADDRESS: P.0O. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91 crp

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
PW-1
Sampled 11/15/91 @ 0800
Submitted 11/20/91

Constituent mg/| m
POtassSium . .. .. i e e e e e e 19
e Yo 11T x4 Y5 13
Calcium . . .. i i e e e e e e e e 175
Magnesium . . ... ...t i e e e i e 64
101 - = 1

[0 1o o - 18

(- T o To 1o T- | (-1 0]
Bicarbonate . ........c¢ct it ittt 911
Total Dissolved Solids @ 180°C ... ........cvoun... 822
Total Hardness as CaCO; . . . . . . . .. o it ittt it e e 699
Total Alkalinity as CaCO5 . ... ... i, 747
Nitrate plus Nitrite as N, . . . ... .. ... ... 1.40
Fluoride . ..o v i it ittt i it it et e e e 3.5
Total Acidity 85 CaCOs .. v v i i it it i e i it it i e e N/A

Total Recoverable Metals:

Y T 1 0.004
(- Vo (2 21175 o <0.001
Chromium ............. e et <0.02

L0 o o Y- <0.01
e o 1.72
1= - Lo <0.01
MEICUIY . i ittt ittt i ittt i s ei i <0.0001
Y[ To] <= <0.03
74 Y3 <0.01

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




/?ﬂfﬂﬁy 7 ENERGY LABORATORIES, INC.
y

IBORATORIES P.0. BOX 30916 ¢ 1107 SOUTH BROADWAY e BILLINGS, MT 53107-0916 » PHONE (406)252-6325
FAX (406)252-6069 » 1-800-735-4489

LABORATORY REPORT

T0O: Schafer & Associates LAB NO.: 91-45324
ADDRESS: P.0. Box 6186 DATE: 12/09/91 crp
Bozeman, MT 59715 REVISED: 12/11/91

WATER ANALYSIS

W.R. Grace Mine, Libby, MT
) PW-2
Sampled 11/15/91 @ 0815
Submitted 11/20/91

Constituent mq/l m
POotaSSIUM . . . v vt i e e e e e et e e 5
1Yo Yo U2 o X 5
Calcium . . .. i e e e e e e e e e, 65
Magnesium . . ... ... ..ttt et 13
TN - (- 9
Chloride .. ... ... it ittt ittt i ennn 2
Carbonate ......... R R T I 0
Bicarbonate .. ... ...ttt e e e e 243
Total Dissolved Solids @ 180°C . ... ....... ..., 252
Total Hardness as CaCO; . . .. . . . .o i i i, 216
Total Alkalinity as CaCO; . ... .. ... i i i, 199
Nitrate plus Nitrite as N-. . . . . . ... ... ... .. 2.65
Fluoride . . . . . i ittt e s e e e e 0.44
Total Acidity as CaCO3 ... .o oottt i e it i N/A

Total Recoverable Metals:

- T- 3 L[ <0.001
- Vo {2 11117 2 1 <0.001
[0 Vo 2.1 11T s T <0.02
oY ] 1= <0.01
) TS <0.03
1= To S <0.01
MEICUNY . .ttt e ettt et ettt et tnetee e <0.0001
[T <] <0.03
7.4 Y« <0.01

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




RECEIVED v~ii 3 0 1992

January 27, 1992

Thomas Hudson

Schafer & Associates

P. O. Box 6186

Bozeman, MT 59715

SUBJECT: Correction, Report No. 22965

Dear Mr. Hudson:

Enclosed is a corrected report and analysis of Sample SW-0-4,

During sample preparation, several dilutions of each sample are made and evidently the
box containing this particular sample was mislabelled. When we looked at the filter it was
obviously heavily loaded with particulates which the paper work indicated to the contrary.
We went back to the original water sample and reprepared it from scratch.

We apologize for the error.

Sincerely yours,

EMS LABORATORIES, INC.

B )ik

B. M. Kolk
Laboratory Director

(/00 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



DATE: January 27, 1992

CLIENT: Schafer & Associates
P. O. Box 6186
Bozeman, MT 59715

ATTENTION: Thomas Hudson

REFERENCE: Letter dated November 19, 1991

REPORT NO: 22965 - Correction

SUBJECT: ANALYSIS OF WATER SAMPLES BY TRANSMISSION
ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology

through NVLAP (Laboratory No. 1218)"

Ten surface water samples were submitted for TEM analysis of asbestos structures. The
samples came from the W. R. Grace mine near Libby, Montana.

The water samples were analyzed according to the U.S. EPA method EPA-600/4-83-043.

The asbestiform which was present in the water samples was from the tremolite/actinolite
group of amphiboles; the asbestos fibers often contained sodium.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. <2.5um 2.5t0 9.9um >10 ym D.L.

SW-14 BDL BDL BDL 0.07

SW-24 2.0 1.4 0.5 0.07

SW-34 . 54 8.4 1.8 0.2

SW-4-4 1.8 2.1 0.1 0.07

SW.5-4 0.6 0.6 0.3 0.3

SW-6-4 ‘9.0 16.4 1.7 0.6

SW-7-4 62 56 12 1.5

Sw-8-4 73 83 17 1.9

SwW-0-4 66 75 19 2.1

SW-11-4 BDL BDL BDL 0.07

EMS Blank BDL BDL BDL 0.04

DL = Detection limit 0.0 Cre

MFL = Millions of fibers per liter 5_‘9 - R

BDL = Below detection limit &7 AT A T
o oAstii3DUE

Respectfully submitted,
EMS LABORATORIES, INC. w7

Ve, 77L75/;—éé

B. M. Kolk wo T
Laboratory Director ‘ RS R

This report, from a NIST accredited laboratory through NVLAP, must not be usedby the client to claim product
endorsement by NVLAP or any agency of the Government.

/A5 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800




DATE: January 14, 1992

CLIENT: Schafer & Associates
P. O. Box 6186
Bozeman, MT 59715

ATTENTION: - Thomas Hudson

REFERENCE: Letter dated November 19, 1991

REPORT NO: 22965

SUBIECT: ANALYSIS OF WATER SAMPLES BY TRANSMISSION
ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and Technology

through NVLAP (Laboratory No. 1218)

Ten surface water samples were submitted for TEM analysis of asbestos structures. The
samples came from the W. R. Grace mine near Libby, Montana.

The water samples were analyzed according to the U.S. EPA method EPA-600/4-83-043.

The asbestiform which was present in the water samples was from the tremolite/actinolite
group of amphiboles; the asbestos fibers often contained sodium.

The results are as follows:

ASBESTOS FIBER LENGTH DISTRIBUTION (MFL)

Sample No. <2.5um 25t09.9ym  >10 ym D.L.
SW-1-4 BDL BDL BDL 0.07
SW-24 2.0 1.4 0.5 0.07
SW-3-4 5.4 8.4 1.8 0.2
SW-4-4 1.8 2.1 0.1 0.07
SW.5-4 0.6 0.6 0.3 0.3
SW-6-4 9.0 16.4 1.7 0.6
SW-74 62 56 12 1.5
SW.8-4 73 83 17 1.9
SW-04 0.3 0.6 0.6 0.3
SW-11-4 BDL BDL BDL 0.07
EMS Blank BDL BDL BDL 0.04

DL = Detection limit
MFL = Millions of fibers per liter
BDL = Below detection limit

Respectfully submitted,

EMS LABORATORIES, INC.

VN atass

B. M. Kolk
Laboratory Director

This report, from a NIST accredited laboratory through NVLAP, must not be used by the client to claim product
endorsement by NVLAP or any agency of the Government.

GG EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Client SCHAFER & ASSOC.

Sample No. SW-0-4

Date 1/23/92

Total Asbestos Fibers 160 MFL
Chrysotile Fibers ‘BDL MFL
Amphibole Fibers 160 MFL
> 5 Micron length {chrysotile) . *BDL MFL
> 5 Micron length (amphibole) 49 MFL
Mass (Chrysotile) ‘BDL pg/L
Mass (amphibole) 250 ug/L
More/Less than 5 Chrysotlle

Fibers in Sample ' LESS

More/Less than 5 Amphibole _

Fibers in Sample MORE

Poisson 95% Confidence Interval : 130 to 200 MFL
Detection Limit 2.1 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 150 - 1,99  2.00 - 249 2.5 & UP
0 5 9 8 9 44
Particle Width - Microns
O-.04 .05 - .09 d - .14 .15 - .19 2 - .24 .25 & UP
0 5 7 19 12 32

Aspect Ratio L/W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
19 27 17 6 3 3

3> EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800
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2E—-Jan—-1332

Execution t

17:40:21
ime =

23965, SW-04, 1A, O1, FM

Vert=
Ernergy

Q.31

Muantex?
0,160

2

Execution t

E23965, SW-04

Vert= 5
Energy

0.51

1. 00

3.68

Guantex?
0. 160

200 counts

6 seconds

Disp= 1

Freset= Off

Elapsed= 38 secs

Counts X-Ray Lines
207, 0 K ,0 K , Vv L ,V L , Vv L .,
vV L
214, Mg K 4, Mg K , Mg K
£47. 1 K, 81 K
115. Ca K . Ca K
Rarige= 10,2320 keV 10. 250
Integral O = 5948
17:42:59
ime = & seconds
, 1R, 02, FM Freset= 0Off
00 counts Digp= 1 Elapsed= &8 secs
Counts X—-Ray Lires
1439, 0O K ,0 K ,V L ,V L , Vv L ,
v L
116. Na K , NaK , ZInL , ZnL , Zn L ,
in L
834. Mg K , Mg K , Mg K
2632, Si K , Si K
147, K K ., K K
323. Ca K , CakK
i98. Fe K , Fe K
Rarge= 10,230 keV 10,230

Integral © 13036



2E-Jan—1992 17:145:36

Executicon time = & seconds
22365, SW-04, 1R, 03, FM Freset= 0Off
Vert= 500 counts Disp= 1 Elapsed= 31 secs
Erergy Counts X—Ray Lines
0.51 1533, o K ,0 K , v L ,V L ,V L .,
vV L
1.01 =37, Na K o Na K , Znn L. , In L , ZIn L
In L
1.25 2959, Mg K , Mg K , Mg K
1.73 21393, i K , Si K
3. 32 130, H K , K K

3.68 278, Ca K , Ca K

Quantex) o1t Fe K , Fe K
0. 160 Rarige= 10. 830 keV 10, 230
Integral O = 14618

22-Jan-1992 17:49:57
Execution time = & seconds
22365, SW-04, 1A, 06, FM Freset= (QFFf
Vert= 200 counts Disp= 1 Elapsed= 27 secs

Erergy Counts X-Ray Lines

0. 51 387. 0 K ,0 K ,V L ,V L ,Vv L ,

v L

1.25 234, Mg K , Mg K , Mg K

1.74 &73. 8i K , 8i K

S. 69 7. Ca K , CaH

&. 40 112, Fe K , Fe K

Quantex)
0. 160 Range= 10,230 keV 10, 230
Integral O =

-

]
[08]
n
fa—y



FE=Jan—1992 17:93:91
Execution time =
S2363, SW-04, LA, 10,FM

7 seconds

Vert= 200 counts Disp= 1
Eviergy Counts X—-Ray Lires
0. 352 848. 0O K ., 0 K .,
v L
1.24 o7z, Mg K , Mg K
1.732 1733, 81 K , 8i K
3. 63 253, Ca K , Ca K
6. 39 =21, Fe K , Fe K
Quantex)
0. 160 Rarge= 10,230 keV
22-Jan—1992 18:06:24
Execution time = 7 seconds

E29ES, SW-04, 1A, 14, FM

Vert= 200 counts  Disp= |1
Erergy Counts X-Ray Lires
0.5 78. 0O K , 0 K ,

VoL
1.25 366. Mg K , Mg K ,
1.74 948. 8i K , Si K
3. 69 135, Ca K , CaK
. 39 108. Fe X , Fe K

Cuantex)

0. 160 Rarige= 10.230 keV

Preset= QOFf

Elapesed:= 37 secs

10, 230

Mo
3333

Integral 0 =

Freset= 0OFff

Elapsed= 35 secs

10,230

Integral 0 = 7118



Ze-Jarn—13932 18:10:28
Execution time =
22363, 5W-04, LA, 17,FM
Vert= SO0 counts
Erergy Counts

0.51 19:28. o

Vv
1.9 1160, Mo
1.48 120, Al
1.74 3654, Si
3.68 863, Ca
4.03 120, Ca
6. 39 3339. Fe

Quantex?

0. 160 Range=

Z22~-Jan—1392 18:13:27
Execution time =
22965, SW-04, 1A, 19, FM

Vert= SO0 counts
Erergy Counts
Q.51 1571. o

Y
1.24 2951. Ing
1.48 117. Rl
1.74 3376. Si
3. 32 107. K
.69 434, Ca
€. 39 =30. Fe

Guantex)

0. 160 Rarge=

Disp=
X-Ray Lires

K

K

K

8

K

K

Disp=
X-Ray

=X

K

K

K

K

K

10.

7 seconds

1

Mg

Al

Fe

iy
l:.:l

& seconds

1

Lires

0

Mg

Al

K

K

K

K

K

K

K

H

K

K

Freset=
Elapsed=

Integral O

Freset=

Elapsed=

Integral ©

off

Qf f

45 secs
L.
10,820

17899

()
&}
n
D
]
h

10,230

14854



22-Jan—13392 18:25:58

Ex

22965, SW-04, 1A, 29, FM

Vert= 200 counts
Energy Counts

0. 51 756. 0

v
1.2 S506. Mg
1.74 1432, 5i
3. & 1&1 K
3. 69 133. Ca
6. 41 123. Fe

Guarntex)
0. 160 Rarnge=

Z2-Jan—-1992 18:30:1&

Execution time = (=)
22965, SW-04, 1R, 35, FM
Vert= 00 counts
Energy Caunts
Q.52 846¢. 0
’ Vv
1.85 499, Mg
1.73 1438. Si
3. 69 =205, Ca
&.39 159, Fe
Guantex)
0. 160 Ranges=

Disp=
X-Ray Lives

ecution time = 9 seconds

1

10,230

K , 0 ®

-

K , Mg K

K 5, 81 K

K o, K K

K 4 Ca K

K , Fe K
10,230 keV

seconds

Disp= 1

X—-Ray Lines

K 4, 0 K ,

L

K 4, Mg K ,

K , Si K

K , Ca K

K , Fe K

Freset= OQOFF
Elapsed= 42 secs

10, 230

Integral O = 8705

Preset= QFff
Elapsed= 41 secs

10. 230

Integral 0 = 7644
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#3-Jan—~199z 08:38:19

Execution time = &
22965, 0—-4, B, #01, RS
Vert= S00 counts
Erergy Counts
1.25 707. Mg
1.74 2399, Si
3. 34 109. K
3. 69 239. Ca
S 43 67. Cr
E. 41 cS7. Fe
Quantex?
0. 160 Rarnpge=

23-Jan—1992 08:40:05

seconds
Freset=

Disp= 1 - Elapsed=
X-Ray Lires
K , Mg K , Mg K
K , 8i K
K , K K
K 4, Ca K
K + Cr K
K . Fe K

10,230 keV

Integral O

Freset=
Elapsed=

Executicn time = & seconds
22969, 04, B, #02, RS
Vert= 500 counts Disp= 1
Erergy Counts X—Ray Lires
1.25 417. Mg K , Mg
1.74 1&18. Si K , Si
3. 69 =30, Ca K , Ca
6. 41 164. Fe K , Fe

Quantex)
0.160 Range=

10.230

K , Mg K
K
K
K
keV

Integral ©

OFF

22 smcs

off

10,230

= 17924



23-Jan—1992 08:43:46

Execution time = & seconds
22965, 0—4, B, #03, RS Freset=
Vert= 500 counts Disp= 1 Elapsed=
Ernergy Counts X—-Ray Lines
1,73 S01. S8i K , Si K

Quantex>
0. 160 Range= 10,230 keV
Integral 0 =

OFF

[#8]

0 secs

10,230

13329



£3-Jan—193¢ 08:59:11

Execution time = & seconds
2Z96S, O-4, E, #6, RS Freset=  Off
Vert= SOQ counts  Disp= 1 Elapsed= 27 secs
Erergy Counts X-Ray Lires
1.25 ats. Mg K , Mg K , Mg K
1.74 3161. Si K , 851 K
3.33 112, K K 4, K K
3.63 451. Ca K , Ca kK
6.3 =39, Fe X , Fe K

Quantex)
0. 160 Rarige= 10. 230 keV 10.230
Integral O = od
23-Jan—-1332 03:03:57

Executicn time = &6 seconds
22965, 0-4, B, #8, RS Freset= Off
Vert= 200 counts Disp= 1 Elapsed= . 25 secs
Ernergy Counts X=Ray Lires '
1.24 399. Mg K , Mg K
1.48 128. AL K , Al K
1.74 1197. Si K , 51 K
3.33 244, K K , K K
€. 40 342, Fe K , Fe K
Quarntex)
0. 160 Range= 10. 230 keV io. &30
Irtepral 0 = 22lzs



23-Jar—1399& 09:05:23

Execution time = & seconds
22969, O—-4, B, #9, RS Freset= Qff
Vert= 200 counts Disp= 1 Elapsed= &6 secs
Energy Counts X—Ray Lines
1.26 126, Mg K 4 Mg K , tg K
1.73 400, Si K , 851 K
J. 66 119, Ca K , Ca K
Guantex?
0. 160 Rarige= 10.230 keV 10,230
Integral O = 12729
c23-Jarn—1292 09:10:54
Execution time = 7 secaonds
22965, 0-4,H, #11, RS Freset= (Off
Vert= 200 counts Disp= 1 _ Elapsed= =4 secs
Erergy Counts X-Ray Lines
1.25 i27. Mg K , Mg K , Mg K
1.75 439, S8i K , Si K
3.70 70, Ca Kk , Ca K
&.38 az. Fe K , Fe K
Quarntex?
Q. 160 Rarige= 10. 230 keV 10. 230

Integral 0 = 9710



23-Jan—-19392 09:26:18

L)

Execution time = & seconds

2965, 0-4, B, #19, RS

Vert= 200 counts Disp= 1
Evergy Counts X—-Ray Lirnes
1.85 767, Mg K , Mp K
1.74 24995, 81 K, 8i K
3. 30 &6, K K 4 K K
3.70 €43, Ca K , CakK
4. 08 &7. Ca Kk , CaHK
6.33 247. Fe K , Fe K

Quantex?

0. 160 Rarnge= 10.230

keV

Preset=
Elapsed=

Mg K

Integral ©

Of f

16 secs

100230

14659



23-Jan—199& 09:31:48

Executionm time & seconds

2965, 0—4, K, #24, RS Freset=
Vert= 200 counts  Disp= 1 Elapsed=

Eviernpy Counts X—-Ray Lines

1.25 404, Mg K , Mg K , Mg K

1.74 1416. S1i K , 81 K

3.69 454. Ca K , Ca K

4. 06 73. Sce K 4, Sc K

6. 23 73. Fe K
Quantex)

0. 160 Ranpe= 10,230 keV

Integral

O

OFf




23~Jan—1992 09:41:00

Execution time = 7 seconds
22963, O0—-4, R, #31, RS Preset= Qff
Vert= 200 counts Disp= 1 Elapsed=
Erergy Counts X-Ray Lines
1.24 i67. Mg K , Mg K
1.73 994, 51 K , Si K
3. 70 95, Ca K , CaH
6. 42 65. Fe K , Fe K

Quantex)

0. 160 Rarige= 10,230 keV 10,230

Integral O

10451
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23-Jan—19%9& 09:15:08

Execution time = 7 seconds
22965, 0~4,C, #O1, KK Freset=
Vert:= 200 counts Digp= 1 Elapsed=
Erergy Counts X—Rayv Lires
0.51 1072, o v ,0 K , V L ,V L ,
AV
1.25 628. Mg K , Mg K , Mg K
1.74 1994, Si K , 81 K
3. 32 10z, K K 4 K K
2. 70 89, Ca K , CakK
&. 38 264, Fe K , Fe K

Guantex)
0. 160 Rarge= 10,230 keV
Integral O

aff

&8 secs

10. 230

10477



COUNTS

cad—-Jan—-1'998 09:adsn REYED, O=4, T, #OS, KK

X-RAY LINES

U KA1, 0 KAZ, Vv LAL, YV LAZ, v LE1, v et
Na KAL, Na KAE, Zm LAL, Zn LAS, Im LEL, Zn LG1
Mg KRi, Mg KOS, Mg KEL

Al KAl, Al KAz

Si KA1, Si KAE

K KAl, K KAz

Ca KAl, Ca KAz
Ca KEl, Ca KE3
Fe KA1, Fe KRz

Fe KBl1, Fe HKE3



g3=-Jan—1332 03:35:28

Execution time . 7 seconds

29659, 0—-4,C, #04, KK Preset= 0QOfFf
Vert= 200 counts Disp= | Elapsed= 4% secs
Erergy Counts X—-Ray Lires
.51 S3E. 0 K 0 K , VvV L ,V L ,V L ,
v L
1.26 216, Mg K , Mg K , Mg K
1.48 109, AL K , Al K
1.74 1044, 8i K , Si K
3.69 200, Ca kK , CakK
E. 41 142. Fe K , Fe K

Quantex?
0. 160 Range= 10,230 keV 10,230
Integral O = €353



23-Jarn—1992 02:48:53 22965, 0-4, C, #06, KK

ENERGY COUNTS X=RAY LINES

0. 51 2231, 0O KAl, O KAz, V LAL, V LAz, V LRI, Vv LGi
L35 Z2it. Mg KA1, Mg KAz, Mg HKEB1

1.48 =27, Al KA1, Al KA

1.74 €58ac. Si KAl, Si KAES

J. 32 104, K KA1, K KA

3.69 13581. Ca KAl, Ca KAZ

4,01 c3l. Ca KEl, Ca KB3

6. 40 693. Fe KA1, Fe HKAZ



23-Jan—1992 09:51:59
Execution time =
22965, 0—4,C, #07, KK

& secands

Vert= 200 counts Disp= 1

Eviergy Counts X-Ray Lires

0.51 233. 0 K ,0 K , V L

vV L

1.5 434, Mg K , Mg K , Mg K

1.74 1667. S1 K, 51 K

3.63 400, Ca K , CaH

€. 33 205, Fe K , Fe K
Quantex?

Q, 160 Range= 10, 230 keV

Freset=
Elapsed=

Integral O

off

46 secs

10,230
8847



ENERGY

23~-Jarn-1992 09:36:57 22965, 0—-4, C, #09, KK
COUNTS X—-RAY LINES

1741. 0O KAL, 0O KAZ, Vv LAl, V LAZ, V LEL, V LG1

278. Na KAl, Na KAz, Na KEt, Zn LALl, Zn LAZ, In LBLl,
Zn LG1

951. Mg KA1, Mg KAZ, Mg KE1
144, Al KA1, Al KAZ
3501.  S5i KAL, Si KAZ

160. K KA1, K KAZ

314. Ca KAl, Ca KAZ

€45, Fe KR1, Fe HKAZ
23-Janm—-1992 10:11:34

Execution time = 6 seconds
22965, 0-4,C, #10, KK Preset= Qff
Vert= 200 counts Disp= i ' Elapsed= 20 secs
Eriergy Counts X—Ray Lines
0.51 859. 0O K ,0 K , VvV L ,V L ,V L ,
v L
1. 25 537. Mg K , Mg K , Mg K
-1.48 aa. Al K 4 Al K
1.74 1777. Si K , Si K
3.69 341, Ca K , CakK
6. 41 185, Fe K , Fe K
Quantex)
0. 160 Rarige= 10.230 keV 10,230
Integral 0 = 7394



ci3-Jar—-1392
Execution t

22965, 0-4,C, #16, KK

ime

10:30:93

Vert= 200 counts
Evergy Counts
0.51 1131. 0

Vv
.25 €88. Mg
1.74 =258, Si1
3. 3 87. K
3.693 425, Ca
4,01 €5. Ca
&.39 =32, Fe

Quantex?

0.160 Rarige=

23-Jan—1992

10:34:21

Execution time = (=)
22965, 0-4,C, #19, KK
Vert= 200 counts
Erergy Counts
0.51 a08. u}
v
1.01 114, Na
in
1.24 418. Mg
1.73 1445, Si
3. 30 397. K
3.68 131, Ca
Quantex) z23. Fe
0. 160 Range=

7 seconds

Disp= 1.

X~-Ray Lires

K , 0 K

L

K, Mg K ,

Koy Si K

K 4 K K

K , CaH

K 4 Ca K

K , Fe K
10.230 keV

seconds

Disp= 1

X—-Ray Lires

K , 0 K

L

K 5, Na K ,

L

K 4 Mg K

K 4, 8i K

K , K K

K 4 Ca K

K , Fe K
10,230 keV

in

Integral

Q

Preset=
Elapsed=

L , vV L

K

Integral O
Freset=
Elapsed=

L , VvV L

L 4, ZIn L

Qff

OFf

YA 4l

19 secs

10,230

2668
=0 secs
Lo,
L,
10,230
7244




13:01:28

S23-Jan—19392
Execution time
22365, SW-0-4,C, 18, KK

Verts= Q0 counts
Energy Counts
0,8z 766. 0

v
1.26 4&3. (U]
1.74 1414. Si
3.70 iss. Ca
&.38 253, Fe

Quantex)

0, 160 Rarnge=

7 seconds

Freset=

Disp= 1 Elapsed=
X-Ray Lines
K 40 K .,V L ,V L ,
L
K 4, Mg K , Mg K
K 5, S8i K
K , Ca K
K 4, Fe K
10. 230 keV

Integral O

Of f

[e]

o

M

o
&

~N D
o



1

Gl

23~Janm—1992 13:11:

Execution time = 7 seconds
229263, SW-0-4, C, 22, KK Freset= 0Off
Vert= 200 counts Disp= 1 Elapsed= c6 secs
Erergy Caounts X—Ray Lines :
0. 52 305, g K ,0 K , V¥V L ,V L ,V L
VoL
1.&85 543, Mg K 4, Mg K , Mg K
1.74 1730. Si K , Si K
3.68 243, Ca K , CaHK
6.28 184. Fe K , Fe K
Guantex)
0. 160 Rarige= 10.230 keV 10,230
Integral O = 8619
ga3-Jarn—139& 13:17:42
Execution time = €& seconds
22965, SW-0-4, C, 2§, KK , Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 29 secs
Energy Caunts X—-Ray Lines
0.51 1349, 0O K ,0 K , Vv L ,V L 4V L .,
vV L
1.01 198. Na K , NaK , ZIm L , ZIn L , ZIn L
In L
1.25 709. Mg K , Mg K , Mg K
1.73 =309, Si K , 81 K
3. 31 105, K K , K K
2.68 370. Ca K , Ca K
Quantex) 301, Fe K , Fe K
0. 160 Range= 10,230 keV 10,230

Integral 0 = 11536



23-Jan—19392 13:31:41

Execution time = & seconds
&2963, SW-0~-4, C, 2, KK Freset=
Vert= 200 counts Disp= 1 Elapsed=
Energy Counts X-Ray Lires
0.51 78z, 0O K ,0 K ,V L , v L ,
vV L
1.24 Sel. Mg K , Mg K
1.73 1563, Si K 4, Si K
3.69 356. Ca K , Ea K
&.28 115, Fe K , Fe K
Cuantex?
0.160 Range= 10,230 keV

Integral O

[
1]

® o




¢o
Q
cMQ

coQ

NAM

UF
AD

A
ADX

AQ
Al
ADQ

AZQ
A2l
A22Q

NAM

TABLE

TABLE 4.

3'

PR

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR HOR?HOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by-random.orientaticn SAED and Qualitative
DXA

Amnphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

ggp21b01e by random orientation SAED and Quantitative
X

Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-sxial angle '

Amphibole by two Zone Axis SAED tatterns, consistent
inter-sxial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Cllent SCHAFER & ASSOC.

Sample No. SW-0-4

Date 1/3/92

Total Asbestos Fibers 1.5 MEL
Chrysotile Fibers *BDL MFL
Amphibole Fibers , 1.5 MFL
> 5 Micron length (chrysotile) ‘BDL MFL
> 5 Micron length (amphibole) 1.2 MFL
Mass (Chrysotile) *BDL ng/L
Mass (amphibole) 9 pg/L
More/Less than 5 Chrysotile

Fibers in Sample : LESS

More/Less than 5 Amphibole

Fibers in Sample LESS

Poisson 95% Confidence Interval : 0.5 to 3.5 MFL
Detection Limit 0.3 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 1 0 0 0 4
particle Width - Microns
Q- .04 .05 - .09 d - .14 15 - .19 2 - .24 .25 & UP
0 0 1 0 1 3

Aspect Ratio L/'W
0 -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP
2 0 2 0 0 1

(2O EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



7-Jan—1992 15:04:48

Execution time = & seconds

2296%5-0-4,A,H01, 8A

Verts= 200 counts Disp= 1
Evergy Counts X=Ray l.ines
1.2% YE8. Mg K , Mg K
1..74 2263, S1 K y H1L K
3.30 54, K K o, K K
3.69 446. Ca K 4, Ca K
4,02 S56. Ca K 4, Ca K
6. 40 293. Fe K , Fe K
7. 08 62. Fe K , Fe K

Guantex).

0.160 Range= 10.230 heV
o ?=Jdan=1992 19520725y
Execution time = 7 seconds
.. 22965 -0-4, A, H02, S5A

Verts 200 counts Disp= 1
Energy Counts X-Ray Lines
1,25 461. Mg K, Mg K
1.74 1747. Si Ky B1 K
3.69 356, Ca K , Ca K
6.39 207. Fe K sy Fe K

Quantex). |

0.160 Range= 10.230 heV

breset= Off

Elapsed= 23 secs
Mg K
10. 230
wer. Intengral 0 = 13497
.”Presef=““0ff - .
Elapsed= 22 secs .
My K
10.230

Integral 0 = 2900 . ...



M AthL\ lUb ANALY lb FILTER TYPE/AREA (mm2) ‘ ' m
_Ms Lab No. 2” mcenss [ ] s

MICRCSCSFE

o . WA MCEM6D GRID ' 600!
>amplc No. - 5“:/ = L: s Olha% DIRECT PREPLZ] X 31 HUIE
' ) [C) TYPEOFSAMME _ PORESVE INDIRECT PREP. ) I Y | wuizse [
Al Sizes (EPA)
METIIOD OF ANALYSIS wmos ] AL] wacelZl  oaspl] Gridd Addrcss LA
EPA Yamate Levett [ a0l ] Sl ] wipe 0.8 pm v liters Screen Magnification | :15 XD
Level b 8 - ssol) Buxl] oweel ] apm Working Volume_25 _ mi I8y Camers Constans
";:l:: 2100 % DusyMicrovac (] 22 peml__ Weight grams Accelerating Volhgc
A PCM Range® Ashed Arcir % Bl BamCunrene L O
N o LS jum ik, G.O. Area (mm?) OOM.__ .
ASPECT RATIO ald e 0O =85=s No.o(GO.wAmstye 5. [l Preparcany_[C 57 gﬂ’ / _ .
_Approved By .. : Date Filter Lot No. __ ___ == — - Imecr Dawc /f <
Dimensions (mm) Fiber Classification EDS Analysis 4 ‘
Grid opening] S #]Stri} Widih | Length |INAM] TM]cm]cp]oo]avalaoo]furf an] AxJapx] aofapa]aza]azz] [na [mg] sifca [ re]ia Comments ‘
[ |/SPp | B |
. oo, . V4 = A |
2 I : - A QLA J
2 12 20 | KO o TS 2 |
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— .
7
OBSERVATIONS: Cican LI ) : -’
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17-Dec—-1991 11:02:81

Execution time = & seconds
22965,04,8,01,RS Freset= O0Off
Vert= 200 counts Digp= 1 Elapsed=" 20 secs

Energy Counts X~Ray Lines

0.5& 379. 0 K , 0 K ,V L » VL, Vv L,

v L

1.26 265, Mg K , Mg K , Mg K

1.74 892. 5i K , 8i

3.69 74. Ca K 4 Ca K

6. 39 76. Fe K , Fe K
Quantex?

0.160 Rarge=. 10.230 ke

17-Dec-1991 11:08:00

Execution time = S seconds
22965,04, R, 02,RS8 : Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 32 secs
Energy Counts X-Ray Lines :
0.52 189. 0 K ,0 K ,V L ,Vv L ,V L ,
vV L
1.26 112. Mg K , Mg K , Mg K
1.74 374. Si K L, Si K
Quantex?
10.230

0.160 Range= 10.230 heV
€7

i}

Integral._8



03-Jan—-1992 10:09:34 eaeeS,o,n,nqg,Rs

EMERGY COUNTS X-RAY LINES
.03 183. Na KA1, Na KA2, Na KELl, Zn LAl, Zn LA2, Zn LE1,
Zn LG1
2.01 3280. P KAl, P KA2
£.59 97. Cl KA1, Cl KA
3.32 319. K KAl, K KA2
3.69 771. Ca KA1, Ca KAR2
4.01 104, Ca KB1, Ca KE3
S5.89 145. Mn KA1, Mn KA2
6.40 6277. Fe KA1, Fe KA2

7.05 793. Fe KEl1, Fe KE3



~. +

DN ADDLED 1 VD AUaNALL DD ‘ ; e | g
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ENERGY

COUNTS

3402.

2363.

50.

6845.

60.

2039.

2a3.

464.

71.

18~-Dec—-1991 09:211:48

o

Mg
Al
Si
C1
Ca
Ca
Fe

Fe

KAl,
KA1,
Kat,
KA1,
KA1,
KA1,
KE1,
KA1,

KE1,

o

My
Al
Si
C1
Ca
Ca

Fe

Fe

22965, Sw-o-u, C ,# 2

X~-RAY LINES

Keg2, Vv LA1, V LA2, V LE1, V LG1
KA2, Mg KE1

KAa

KA2

KAz

KAga

KE3

KAg2

KE3



EMS No 2 296("

Sample ID SwWw-0-Y
Grid No
Microscopist /@
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(21 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



ENERGY

COUNTS

34,

46 .
1747.

7731.

40.
1312.

179.

'mq

07-Jan—-1992

in

Si

Cl

X-RAY

KAl,

LE1,
LL1

LAl,
KA,
KA,
KA,
KE1

Kai,
KA1,
KA,
KA1,
Kai,

KE1,

15210259

LINES

0
Cr

in

5i

Cl

K

Ca

Sc

Fe

Fe

Kaz, V LAi, Cr LAL,

LE1, V LE3, V LE4,

LAZ, Zn LE1
KAz, Mg KE1
KA2

Kae

Kha
KA2
KA2, Ca KE1, Ca KE3
kAR
KA

KE3

v
v

LAg,
LG1,

2296%5-0~4,A, H03, SA

Cr LAZ,
Cr LG1



’
\

TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

m -
CM -
o -
cQ -
Mg -
cq -
NAM -

TABLE
U -
no -
AL .
ADX -
N -
Az .
AQ -
AlQ -
Az -
A -

NAM -

Tubular Morphology not sufficiently characteristic
for classification as chrysatile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and ¢omposition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION QOF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAED and Qualitative
DXA

Amphibole by Quantstative EDXA
Amphibole by ane Zone Axis SAED

égp21b01e by random orientation SAED and Quantitative
X

Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-axfal angle

Amphibole by two Zone Axis SAED natterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Client SCHAFER & ASSOC.

Sample No. SW-11-4

Date 12/29/91

Total Asbestos Fibers *BDL MFL
Chrysotile Fibers ‘BDL MFL
Amphibole Fibers "BDL MFL
> 5 Micron length (chrysotile) ‘BDL MFL
> 5 Micron length (amphibole) *‘BDL MFL
Mass (Chrysotile) ‘BDL pug/L
Mass (amphibole} ‘BDL pug/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5§ Amphibole

Fibers in Sample LESS

Poisson 95% Confidence Interval : 0 to 0.3 MFL
Detection Limit 0.07 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 0 : 0 0 0 0
Particle Width - Microns
O - .04 .05 - .09 1 - .14 .15 - .19 2 - .24 .25 & UP
0 0 0 0 0 0

Aspect Ratio L/'W
0 - 99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
0 0 0 0 0 0

0GB EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800



“M ADBES lUb ANALY blb FILTER TYPE/AREA (mmd) -Page I oI
HMS Lab No. A 207__ A N mcenss[ ) | I .

_ . MICROSCOPE
Tlient Sobio k._-/ n(__ H55¢ ”(uﬁg >. m.rwool_il : wo.\-
2 AT ,' MCEso L GRID
Sample No. 2k 1= -~ oma | DIRECT PREP | t\U\\ED
S icpay [} TYPEOFSAMPME _ PORESDE INDIRECT FREP AT [ nuizse ()
METHOD OF ANALYSIS - (4m):20.5 D Air Wzm.-rz 045 nm]:l Grid Adress | [f—\
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Dimensions (mm) Fiber Classification EDS Analysis
Grid opening| Str_#]Str|] Width | Length |INAM] M [om]cn]aa]avojana]ur] Ap]Ax Japx] Aa]apa]azafazz] [Na [mg] sif ca [Fe[1d Comments
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2 i [ T v
7 lhtd”
2) NI |
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a 50
P
X
OBSERVATIONS: Clean 1 L -
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Other [}

Lo TPV NS
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MS Lab No. 229 €5 . ‘ el e s TS MICROSCORE .
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ample N_o. - 1 ' . 1% i 3] nungl_)

g mnzse] )
Geid Addecss ] A '

Screen Magnific nion x ‘\
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TABLE 4.
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ADX -
AQ -
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ADQ -
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NAM -
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CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysatile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SAED pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by-randomiorientatich SAED and Qualitative
DXA

Amphibole by Quantitative EDXA
Amphibole by one Zane Axis SAED

égp:ibo1e by random orientation SAED and Quantitative
X

Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED patterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Client SCHAFER & ASSCC.

Sample No. SW-1-4

Date Analyzed 11/28/91

Fibers (chrysotile) BDL" MFL
Fibers > 5 um In length (chrysotile) BDL* MFL
Fibers > 10 um in length (chrysotile) BDL® MFL
Mass (chrysotile) 0 ug/L
More/Less than 5§ Fibers

in Sample (chrysotile) LESS

Poisson 95% Confidence Interval 0 to 0.3 MFL
Detection Limit 0.07 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Chrysotile )

Particle Length - Microns
O -0.49 0.50 - 099 1.00 - 1.49 1.50 - 1.99 200 - 249 25 - 499 5.00 - 999 10 & UP

0 0 0 0 0 0 0 0

Particle Width - Microns
O - .04 .05 - .09 1 - .14 .15 - .19 2 - .24 .25 - .49 .50 - .99 1&UP

0 0 0 0 0 0 0 0

Aspect Ratlo L/W
0-99 10 - 19.9 20 - 299 30 - 39.9 40 - 499 50 - 99 100 - 199 200 & UP

0 0 0 0 0 0 0 0

G035 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TABLE 4.

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASO pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative ZDXA. Spectrum has elemental
components consistent with amphibole

émphibo]e by .random orientaticn SAED and Qualitative
DXA

Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

égggibo]a by random orientation SAED and Quantitative

Amp21b01e by one Zone Axis SAED pattern and Quantitative
EDX

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED patterns, consistent
inter-sxial ancle and Quantitative EDXA

Non-Asbestos Minera)




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Client SCHAFER & ASSOC.

Sample No. SW-2-4

Date 11/26/91

Total Asbestos Fibers | 4 ' MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 4 MFL
> 5 Micron length (chrysotile) *BDL - MFL
> 5 Micron length (amphibole) 0.9 MFL
Mass (Chrysotile) ‘BDL ng/L
Mass (amphibole) 24 png/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval _ | 3 to 5.2 MFL
Detection Limit 0.07 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 1 11 6 10 26
Particle Width - Microns
O -.04 .05 - .09 g - .14 .15 - .19 2 - .24 .25 & UP
0 0 8 9 10 27

Aspect Ratio L/'W
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP
23 15 7 7 0 2

(3/0C EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800
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26-~-Nov-1991 11:02:30
Execution time =
2r9%6-2,A, HO1, RS

8 seconds

Vert= 1000 caunts Disp= 1
Energy Counts X-Ray l.ines
0.52 1199, 0 K , 0 K

V L
1.25 951, Mg K 4, Mg K
1.74 2%99. 1L K , 8i K
3.32 28. K K 4, K K
3.69 70R. Ca K , Ca K
4.01 81. .Ca kK , Ca K
6.39 260. Fe K , Fe K

Quantex)

0.120 Range= 10.230 keV

26~Nov—-1991 11:08:20

Execution time = 7 seconds
229%6-2,A,H02, RS
Vert= 200 counts Disp= 1
Energy Counts X-Ray lLLines
0.%2 3082. 0 K ., 0 K
Vv L
1.26 198. Mg K. , Mg K
1.795 6048, 81 K , 8i K
3.69 40%5. Ca K , Ca K
4.03 €7, Ca K , Ca
€.38 67. Fe K , Fe K
Quantex)
0.120 Range= 10.230 keV

Freset= Qff
Elapsed= 24 secs
vV L .,V L 4V L
Mg K
. 10.230
Integral 0 = 20379
Freset= QOff
Elapsed= 24 secs
Vv L [} v L s,-v L 1
Mg K
10.230
Intepral 0 = 7249




26-Nov-1991 11:11:39

Execution time = & seconds
2r3%56~2,A, H04, RS Freset= Off
Vert= 200 counts Disp= | Elapsed= 24 secs
Evergy Counts X~-Ray Lines
0.51 500. 0o K ,0 K .V L 4V L .V L ,
vV L :
1.8%5 291. Mg K 4 Mg K 4 Mg K
1.74 876. 81 K, 81 K
3.70 243, Ca K , Ca K
6.43 101. Fe K , Fe K
Quantex?
0.120 Range= 10.230 keV 10,230
Integral 0 = $388
26-Nov—-1991 11:13:24
Execution time = & seconds
22956~2,A,HOS, RS - Freset= Off
Vert= 200 counts Disp= 1 Elapseds 20 secs
Energy Counts X~Ray lLines .
0.5%2 7%58. g K , 0 K V¢V L 4,V L 4,V L ,
(V2
1.25 G579, Mg K 4, Mg K , Mg K
1.73 1413. 8i K sy 9i K
3.69 436. Ca K , Ca K
6.48 132. Fe K ] Fe K

Quantex?
0.120 Ranpe= 10.230 keV 10.230
Integral 0 = 7430



26-Nov—-1391 11:14:45

Execution time = S seconds
22956-2,AR, HO6, RS Freset= Off
Vert= 200 counts Disp= 1 Elapsed=
Enerygy Counts X-Ray Lines
0. 49 103, 0o K ,0 K , Til , V¢V L , Ti L
' v L , Ti L 4V L , Ti L 4,V L
V L
1.74 210, §i K 4, 8i K

Quantex)
0.120 Range= 10.230 hkeV 10
Integral O ==
26-Nov-1991 11:17:18

Execution time = & seconds _
22956-2,A, HOB, RS Freset= Qff
Vert= 200 counts Disp= 1 Elapsed=
Energy Counts X~-Ray Lines
0.52 174, 0 K , 0 K ,V L .,V L 4,V L
vV L
1.73 415. gi K s 81 K

6.38 103. Fe K , Fe K

32 secs

« 230
3024

39 secs



Quantex)
0.120 Ranges=
26~Nov-1991 11:19:17
Execution time = 7
22956-2,A, HO9,RS

Vert= £00 counts
Energy Counts
0.51 158. 0

vV
1.24 a5, Mg
1.74 276. 9i
6. 39 69, Fe

Quantex?

0.120 Range=

10.a30

10.R230 keV
Integral O = 3843
seconds
Freset= Off
Disp= 1 Elapsed= 33 secs

X-Ray l.ines

K , 0 K ,V L ,v bt ,V L ,

K 4 Mg K
K 4, 8i K
K 4, Fe K

10.230
3389

10.230 heV
Integral 0 =



E&“Nov-199%i}1:§3:36

xecution

ne 8

22956~2,A,H10,RS

Verts= 200 counts
Enerngy Counts
0.5 140. 8]

V
1.295 23, Mg
1.74 297. 81
2.62 24. Cl
3. 66 24, Ca
€. 40 a5, Fe

Quantex)pP

0,120 Range=

seconds

Disp=
X-Ray Lines

K
-

K

K

K

K

K

v

1

0

Mg

4
s

21

K

K

K

K

K

. 230 heV

Pregset=
tlapsed=

Intepgral O

Qff
35
v L ,
10.230

sSecs

158



26-Nov~-1991 11:36:195

Execution time = & seconds
22956-2, A, H11,RS
Vert= 200 counts Disp= 1
Energy Counts X-Ray Lines
0.582 343. 0O K , 0 K ,
v L
1.726 194, Mg K 4, Mg K ,
1.73 717. 8i K , 8i K
3.69 80. Ca K , Ca K
€. 40 74. Fe K , Fe K
Quantex)
0.120 Range= 10.230 heV

Freset=
Elapsed=

vV L, v L

Mg K

Integral O

Off
24 secs
v L,
10.230
3876



26-Nov-1991 11:32:18

Execution time = & seconds
229536~-2,A,H12,RS Freset=
Verts= 200 counts Disp= 1 Elapsed=
Energy Counts X~Ray Lines
O0.%& 103. 0O K ,0 K .,V L ,V L ,
v .
1.74 1%6.  8i K , Gi K

Quantex)>
0.120 Range= 10.230 hkeV
Integral O

off



26-Nov=1991 11:29:26

Execution time = 7 secontds
22956~2,RA, H13,RHS Freset= 0Off
Vart= 200 counts Disp= 1 Elapsed= 51 secs
Energy Counts X~-Ray lLines
0.51 214. 0 K ,0 K ,V L 4,V L 4V L ,
v L
1.8% 2043. Mg K , Mg K , Mg K
1.74 443, Si K, 8i K
3.67 131. Ca K , Ca K

Quantex)
0.120 Ranpge= 10.230 heV 10.230
Integral 0 = 121



26~-Nav-1991
Execution t
e295%6-2,A, H
Vert= a
Energy

6.39

Quantex?
0. 120

11:30:50

ime = 7 seconds

14,RS

00 counts

Counts
968. ]
V)
352, M)
1321. 8i
188. Ca
134. Fe
Ranpe=

Disp= 1
X~-Ray Lines
K 5, 0O K

l

K 4 Mg K
K 4, 81 K
V\ L] C«'-\ y\
K Fe K

Freset=

Elapsed=

10.230 heV

Integral O

31 secs

10.230
8153



26~Nov-1991 11:38:25
Execution time =
RRAITE-2, A, HLIG, RS

Vert= 200 counts
Energy Counts
0.51 €50, 0

Vv
1.2% 530, Mp
1.74 1492, Si
369 398. Ca
€G.38 120, Fe

Quantex?

0.120 Range=

26~Nov=-1931 11:4%5:30
Execution time =
2E2956-2,A, H1Q,KRS

7

Vert= 200 counts
Energy Counts
0.%52 608. 0

v
1.2% 49¢. Mg
1.74 1417. Si
3.70 262, Ca
£.39 116. Fe

Quantex?

"0.120 Ranpes=

8 seconds

Freset=

Disp= 1 Elapsed=
X~-Ray Lines

K 40 K , VvV L ,V L ,

-
K 4 Mg K , Mg K
K, 8i K
K y Ca K
K 4, Fe K
10.230 hkeV
Integral O
seconds :

Freset=

Disp= 1 Elapseds=
X~Ray Lines

K 4+ 0 K , VV L ,V L |,

L
K 4 Mg K 4, Mg K

K, 51 K
K , Ca K
K, Fe K

10.230 heV
Integral 0

=

—
=

Off

Off

37 secs
L,
10.230

3350

2% secs
Loy
10.230

7187



26-Nov—-1991 11:47:25

Execution time = 6 seconds

229%56~2,A,H13,RS Fregset= Off

Verts= 200 counts Disp= 1 Elapseds= 34 secs
Energy Counts X~Kay Lines '
1.74 187. Si K , 81 K

Quantex)?

0.120 Range= 10.230 hkeV 10.230
Integral 0 = 2860

26-Nov~1991 11:48:4%
Execution time = Y% seconds
22956-2,A,H20,R8 Freset= Off
Verts= 200 counts Disp= 1 Elapsed= dl secs

Energy Counts X~Ray lLines

0.51 456, 0 K ,0 K ,V L , v L 4V L ,

v L ;

1.2% 3e8. Mg K , Mg K , Mg K

1.73 943. 61 K , Si K

3.69 253, Ca K 4, Ca K

&. 38 80. Fe K y Fe K

Quantex)
0.120 Range= 10.230 keV 10.230
Integral 0 = $410



26—-Nov~1991 12:04:28
Execution time = ]

= Y seconds
229596-2,A, 21, RS

Freset=

Elapsed=

Integral O

Vert:s= 200 counts Disp= 1
Energy Counts X—~-Ray lLineg
0.50 89. 0 K , 0 K

v L
1.24 103. Mg K , Mg K
1.73 20a. Si K , 8i K
3.69 57 Ca K , Ca K

Quantex?

0.120 Ranges 10.230 hkeV

26-Nov-1991 12:05:48

Execution time = & seconds

22956~-2,A, H2a, RS Freset=
Vert= 200 counts Diap= 1 Elapsed=

Evnergy Counts X~Ray Lines

. 0,92 319. o K ,0 K vV L ,V L ,
v L

1.8% 93. Mg K 4 Mg K 4 Mg K

1.74 924, 81 K 4, 8i K

3.67 S4. Ca K , Ca K

6.36 92. Fe W , Fe K
Quantex)

0.120 Range= 10.230 keV

Integral O

=

0ft

Off

21 secs
L,
10.230

2223

19 secs
Lo,
10.230

3275



R6-Nov—-1991 12:08:13

Execution time = (2

22356-2,A, H23, RS
Vert= 200 counts
Energy Counts

0. 51 366. O

v
1.85 163. Mg
1.74 717. 8i
6. 39 133. Fe

fuantex)
0.120 Range=

seconds

Disp= |
X~Ray l.ines
K 4, 0 K
I

K oy Mg K
K 4 81 K

K 4, Fe K

10.230 keV

Freset=" Off
Flapsed= 39 secs

10.230
Integral 0 = 5398



26-Nov-1991 11:52:00

Execution time = Y seconds
229%6-2,A, HRY, RS Freset= Off
Verts 200 counts Disp~ | Elapsed= 22 secs
Energy Counts X~-Ray lLines
0.%5& 291. 0o kK ,0 K , Vv L ,V L ,V L ,
Vv L
1.26 220. Mg K , Mg K , Mg K
1.73 677, 81 K , 8i K
3.70 148, Ca K , Ca K
6. 38 77. Fe K o, Fe K

Quantex) '
0. 120 Range= 10.230 keV 10.230
Integral 0 = 3707
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26-Nov—-1991 09:28:14

Execution time = 6 seconds

EEBSB—E,H,NOE;SA
Vert= 200 counts
Energy Counts

0.52 6£30. O

v
1.85 398. Mg
1.73 1363.  Si
3.63 148. Ca
6. 40 212. Fe

Quantex)
0.120 Range=

26~Nov-1991 09:33:03

10.230 keV

Execution time = 6 seconds

228956~-2, B, HO3, SA
Vert= 200 counts

Energy Counts
0.5@2 897. o
Vv
1.25 680. Mg
1.74 1903. Si
3.68 S86. Ca
6.40 196. Fe

K

K

Digp= 1
X-Ray Lines
K 4, 0

L

K 4 Mg

K 4 5i

K 4 Ca

K , Fe

Disp= 1
X~Ray Lines
K 4 0 K

L

K 4 Mg K
K 4 61 K
K , Ca K
K , Fe K

Freset= Off
Elapsed= 53 secs

10.230
Integral 0 = 7919

Freset= O0Off -
Elapsed= 43 secs



26-Nov—-1991 09:44:10

Execution time = 6 seconds
22956-2, K, #04,5A Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 30 secs
Energy Counts X-Ray Lines
0.52 854, 0 K ,0 K ,V L ,VvV L ,V L |,
Vv L
1.285 453, Mg K , Mg K , Mg K
1.74 1642. 8Si K , Si K
3.70 1e68. Ca K , Ca K
€. 40 380. Fe K , Fe K
Quantex?
0.120 Range= 10.230 keV 10.230
Inteqral 0 = 84758
26—-Mov-1991 09:47:21
Execution time = 7 seconds
2e956-2, k, H05, SA Freset= O0Off
Vert= 200 counts Disp= 1 Elapsed= 52 secs
Energy Counts X-Ray Lines
0.52 1873. 0O K ,,0 K 4,V L ,V L ,vVv L ,
vV L
1.02 265. Ma K , MaK , NaK ,2ZnL , Zn L ,
In L , Zn L
1.285 ae61l. Mg K , Mg K , Mg K
1.74 4131. Si K , 8i K
€.39 1120. Fe K , Fe K
7.06 153. Fe K , Fe K
Quantex> .
0.120 Ranpge= 10.230 keV 10.230

Integral 0 = 29124




26~-Nov—-1991 09:153:21

Execution time = S seconds
2956-2, R, H0G, SA Freset=
ert= 200 counts Disp= 1 Elapsed=
Energy Counts X-Ray Lines
0.51 S506. 0O K ,0 K ,V L , Vv L ,
Vv L
1.25 337. Mg K , Mg K , Mg K
1.74 958, Si K , Si K

3.68 231. Ca K , CaK

off

73 secs



26—-Nov-1991 10:08:33
Execution time =
2a2956-2, K, H#07,SA

Vert= 200 counts
Energy Counts
0.32 996. 0

Vv
1.2% S517. Mg
1.74 1739. Si
3.69 306. Ca
6.39 177. Fe

Quantex)

0.120 Range=

26-Nov-1991 10:15:31
Execution time = 6
22956-2,R, H08,8A

Verpts 200 counts
Energy Counts
0.52 1874. ()

v
1.25 1196. Mg
1.74 3801. Si
3.63 700. Ca
6.39 471. Fe

Quantex)

0.120 Range=

Disp= 1
X-Ray Lines

7 seconds

Freset= Off

Elapsed=

K ,0 K ,V L ,V L 4,V L ,

L

K , Mg K 4, Mg K

K 4 8i K

K , Ca K

K , Fe K

10.230 keV . 10.230
Integral 0 = 23833
seconds
Freset= Off

Digp= 1 Elapsed= 55 secs
X-Ray Lines

K .0 K , v L ,V L ,V L ,

L

K , Mg K , Mg K

K 4, 8i K

K 4 Ca K

K , Fe K

10.230
22646

10.230 hkeV
Integqral 0 =



26-Nov-1931 10:22:51
Execution time =

& seconds

22956-2, R, H03,5A FPreset= Off
Vert= 200 counts Disp= 1 Elapsed= 94 secs

Energy Counts X-Ray Lines

0.51 1663. 0O K ,,0 K , v L L,V L , Vv L ,

VvV L

1.25 992. Mg K , Mg K , Mg K

1.74 3034. 8i K 4, 8i K

3.63 €08. Ca K , CaK

6. 490 3ia. Fe K , Fe K
Quantex)

0.120 Ranpge= 10.230 keV 10.230
Integral 0 = 15139

26-Nov-19391 10:39:15
Execution time = 7 seconds
22956-2,B,#19,5A Preset= Off
Verts= 200 counts Disp= 1 Elapsed= 77 secs

Energy Counts X—Ray Lines

0.52 €£90. 0 K ,0 K , ¢V L 4,V L ,V L ,

vV L

1.24 42%5. Mg K 4, Mg K

1.73 1234, Si K 4, Si K

3.70 322. Ca K , Ca K
Quantex).

0.120 Range= 10.230 LeV 10.230
Integral 0 = 15709



26-Nov-1991 10:42:10

Execution time = 7 seconds
22956-2, R, HY Y, SA Preset= Off
Verts= 2 counts Disp= 1 Elapsed= 72 secs
Energy Counts X-Ray Lines
0.51 -737. 0 K ,0 K ,V L ,V L ,V L |,
’ v L
1.25 407. Mg K , Mg K , Mg K
1.74 1346, Si K , Si K
3.69 445, Ca K 4, Ca K
Quantex)
0.120 Range= 10.230 heV 10.230
Integral 0 = 10932
26-Nov—1391 10:44:59
Execution time = & seconds
22956-2, B, #1R) SA Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 54 secs
Energy Counts X~-Ray Lines
0.51 iiel. 0O K 40 K , v L , VvV L 4,V L ,
vV L
1.25 643. Mg K 4, Mg K , Mg K
1.74 2461. Si K , Si K
3.69 403. Ca K , Ca K
6.39 268. Fe K , Fe K
Quantex) )
0.120 Range= 10.230 keV - 10.230

Integral 0 = 13135



26-Mov—-1991 10:47:32

Execution time = 6 seconds
22956-2, B, H14 SA _ Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 91 secs
Energy Counts X~-Ray Lines
0.51 1342. 0 K , 0 K ,V L ,V L ,V L |,
vV L
1.25 373. Mg K 4, Mg K , pMMg K
1.73 2813. S1i K , S8i K
3.63 728, Ca K , Ca K
6.39 162. Fe K , Fe K
Quantex)
0.120 Range= 10.230 keV 10.230
. Integral 0 = 15097
26-Nov—-1991 10:49:50
Execution time = 8 seconds
22956-2,B,#16,SA Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 36 secs
Energy Counts X-Ray Lines .
0.32 1103. 0 K , 0 K , VvV L , v L , Vv L ,
Vv L
1.25 680. Mg K 4, Mg K , Mp K
1.74 2221. Si K 4, 8i K
3.69 S520. Ca K , Ca K
4.03 64, Ca K , Cak
6. 40 245. Fe K , Fe K
Quantex) )
0.120 Range= 10.230 keV 10.230

Integral 0 = 17467
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26~Nov-1991 15:00:34

Execution time = 6 seconds
22965, 85W2~-4,1-C,01,FM Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 3% secs

Energy Counts X~Ray Lines

0.51 146%5. 0o K ,0 K , VvV L , VvV L .,V L ,

vV L

1f25 10673. Mg K , Mg K , Mg K

1.74 2863. 81 K , 8i K

3.69 844, Ca K , Ca K

6. 41 228. Fe K , Fe K
Quantex)

0.120 Ranpe= 10.230 keV 10.230
Integral 0 = 13616

26~-Nov-1991 15:14:39
Execution time = 0 seconds
22965, 85W2-4,1C,02,FNM Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 25 secs

7.08 68. Fe K , Fe K
Quantex>ID/FR

No modifiers. .
Quantex?

0.120 Range= 10.230 keV 10.230

Integral 0 = 23405



EMERGY

1.73

3. 30

i3. 6'9

4.03

6. 39

7.08

26-Nov-1991 135:135:34

22965,8Wa-4,1C,02,FnM

COUNTS X—-RAY LINES
2635, 0 KAl, 0 KA2, V LAL, V LAR, V LBl, V LG1
1822. Mg KA1, Mp KA2, Mg KE1
5407. Si KAl, Si KA2
187. K KAl, K HKA2
1026. Ca KA1, Ca KAR
133. Ca KB1, Ca KB3
513. Fe KA1, Fe KAR2
68. Fe KE1, Fe KE3
26-Nov—-1991 15:21:25
Execution time = € seconds
22965, SW2-4,1C,03,FNM Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 31 secs
Energy Counts X-Ray Lines
0.51 1451. 0 K 4,0 K L,V L , Vv L 4,V L ,
VvV L
1.25 i012. Mg K , Mg K , Mg K
1.73 2948. Si K 4, Si K
3.69 1092. Ca K 4, CaK
4.082 146. CaK , CaK
6.44 29. Fe K
Quantex?
0.120 Range= 10.230 hkeV 10.230
Integral»O = 14769



26—~-Nov-1991 15:34:48
Execution time = 6
229695, 85W2-4,1C,05,FM
Vert= 200 counts
Energy Counts

0.51 1430. ]
v
1.24 886. Mg
1.74 2560. Si
3.69 &2e. Ca
€&.40 R35. Fe
Quantex)?
0.120 Ranpge=

26-Nov-1991 15:42:03
Execution time = 6
28965, SW2~-4, 1C, 0F, FM

Vert= 200 counts
Energy Counts
0.51 1985. (8]

Vv
1.25 1314. Mg
1.74 42882. Si
3. 32 135. K
3.69 727 . Ca
6.39 979. Fe
Quantex>
0.120 Range=

seconds

Preset= Off

Disp= 1 Elapsed= 34 secs

X-Ray Lines

K ,0 K ,V L ,v L ,Vv.L ,
L

K 4 Mg K
K , Si K
K 4 Ca K
K , Fe K

10.230 hkeV 10.230
Integral 0 = 14297
seconds
Preset= Off
Disp= 1 Elapsed= 42 secs

X-Ray Lines

K 40 K , VvV L ,v L ,Vv L ,
L

K 4 Mg K 4, Mg K

K , S8i K

K , K K

K , Ca K

K o, Fe K

10.230
21068

10.230 hkeV
Inteqral 0 =



26-Nov-1991 15:53:46

Execution time = € seconds
22965, 8Wa-4,1C,09,FNM Preset= O0Off
Vert= 200 counts Disp= 1 Elapsed= 31 secs

Energy Counts X—-Ray Lines

0.52 1408. 0 K ,,0 K , Vv L VvV L 4V L ,

vV L

1.26 849, Mg K , Mg K , Mg K

1.74 3020. Si K , 8i K

3.31 121. K K , K K

3.69 451, Ca K , CakK

4.03 88. Ca K , Ca K

6.40 421. Fe K , Fe K
Quantex? .

0.120 Range= 10.230 keV 10.230
' Integral 0 = 17369

26-Nov—-1991 16:08:28
Execution time = & seconds
22965,8UWR~-4,1C, 14,FnM ’ PFreset= Off
Vert= 200 counts Disp= 1 Elapsed= 31 secs

Energy Counts X~-Ray Lines

0.52 699. 0O K 40 K , v L ¥V L .,V L ,

Vv L

1.25 373. Mg K , Mg K , Fg K

1.74 1201. Si K , 8i K

3.69 199. Ca K , Ca K

6.39 1a82. Fe K , Fe K
Quantex)

0.120 Range= 10.230 keV 10.230

Integral 0 = 8776




26-Nov—-1991 16:15:37
Execution time

& seconds

22965, 85W2~4,1C,15,FNM Preset= O0Off
Vert= 200 counts Disp= 1 Elapsed= 36 secs
Energy Counts X~Ray l-ines
0.51 707. 0 K ,0 K ,V L ,V L ,V L ,
vV L
1.25 311. Mg K 4 Mg K , Mg K
1.73 1478. Si K , 8i K
6.39 S500. Fe K o, Fe K
Quantex>
0.120 Range= 10.230 keV 10.230
Integral 0 = 10024
26-Nov—-1991 16:18:43
Execution time = 6 seconds
22965,5W2-4,1C,16,FM Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 40 secs
Energy Counts X~-Ray Lines
0.51 1058. 0 K ,0 K ,2 v L ,V L , Vv L ,
Vv L
1.26 973. Mg K 4 Mg K , Mg K
1.73 1978. i K 4, Si K
3.68 244. Ca K + Ca K
6.40 364, Fe K , Fe K
Quantex)
0.120 Range= 10.230 keV 10.230
Integral 0 = 12238
\
26xNov-1991 16:24:29
Execytion time = &€ seconds
22965,8W2-4,1C,17,FM
Vert= 200 counts Disp= 1 30 secs
Enernp Counts X-Ray Lines
0.52 0 K , 0 K ,
vV L
1.25 Mn K - Ma K




Quantex?
0.120 Range=

26-Nov-1991 16:24:29
Execution time =
2R365,5Wa-4,1C,17,FNM
Verts 200 counts
Energy Counts

0.52 1075. 0O
: v
1.285. 630. Mg

1.74 21lé6. Si

2.63 2. Cl
3.69 277. Ca
6.39 3%8. Fe

10.230 keV

& seconds

Digp= 1
X~Ray Lines
K 0 K

L

K g K
K Si K
K Cl K
K .Ca K
K Fe K

Intenral 0 =

Freset= Off
Elapsed=

10.230

12238

30 sec.

Y



’ K
s Fe K
Quantex)
0.120 Range= 10.230 keV 10.230
Integral 0 = 11904
26-Nov-1991 16:30:19
Execution time = 6&€ seconds
22965, 5W2-4,1C,19,FNM Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 32 secs
Energy Counts X-Ray Lines
0.51 1072. 0O K 0 K , v L sV L , ¢ L ,
v L :
1.02 1é6. Na K , MaK , Na K , Zn L , Zn L ,
In L 4 Zn L
1.25 335. Mg K , Mg K , Mg K
1.73 1937. Si K , 8i K
6.39 612. Fe K , Fe K
Quantex) )
0.120 Range= 10.230 keV 10.230

Integqral 0 = 11009



26-NMov-1991 16:36:10 22965, SWa-4, 1C,AF, Fn

EMERGY COUNTS X-RAY LINES
0.52 2636. 0 KA1, O KA2, V LAL, V LA2, V LE1l, V LGI
1.01 204. Na KA1, Na KAZ2, Zn LA1l, Zn LA2, Zn LB1, Zn LG1
1.25 1592. Mg KA1, Mg KA2, Mg KE1
1.74 5566.  Si KA1, Si KA2
3. 31 361. K KA1, K KA2
3.69 775. Ca KA1, Ca KA2
4.03 66. Ca KE1, Ca KE3
6. 40 $50. Fe KA1, Fe KA2
7.06 71. Fe KE1, Fe KH3

26-Nov—-1991 16:40:27

Execution time = 6 seconds
22965, 85W2-4,1C,22,FHM Preset= 0Off
Vert= 200 counts Disp= 1 Elapsed= 30 secs
Energy Counts X-Ray Lines
0.51 19483. 0 K , 0 K , ¢V L , VvV L ,vVv L ,
Vv L
1.25 1373. Mg K , Mg K , Mg K
1.74 3826. 8i K , Si K
3.29 7%. K K 4, K K
3.69 aa7. Ca K 4 CaK
4.02 105. Ca K 4, Ca K
6.39 334. Fe K , Fe K
Quantex)
0.120 Range= 10.230 keV 10.230

Integral 0 = 16929

26~ £47:49

Executio = & seconds

22965, SWa~4, 1Ty = Preset= Off

Vert= 200 coun Elapsed= 38 secs

Energy Counts

0.52 1671. —06 K , O
/////b L

1.25 1270. Mg K , Mgp K , Mg K



P6~Nov—-1991 16:48:35
Execution time =
22965, 5W2-4,1C,24,FM

Verts= 200 counts
Energy Counts
0.52 1671. o

v
1.25 1270. g
1.74 3051. Si
&£.39 158. Fe

Quantex?

0.120 Range=

26-Nov-1991 16:50:35
Execution time =
22965, SWa-4, 1C, 24, FM

Vert= 200 counts
Energy Counts
0.951 1076. ()

Vv
1.00 118. Na

In
1.25 755. Mg
1.73 2138. Si
3.69 266. Ca
6.39 338. Fe

Quantex)

0.120 Range=

K

K

& seconds

Freset= Off
Disp= 1 Elapsed= 38 secs
X-Ray Lines
K 40 K ,V L ,V L ,V L ,
L
K , Mg K , Mg K
K 4 81 K
K o, Fe K

10.230 keV 10.230
Integral 0 = 13558
7 seconds
Freset= O0Off
Disp= 1 Elapsed= 34 secs

X-Ray Lines

s NMa K 4, Zn L L, Zn L , Zn L ,

., Mg K , Mg K

s Si K

s Ca K

y Fe K

10.230 hkeV 10.230
Integral 0 = 11702



!
\

TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

™ -
cM .
co .
cQ -
cMQ .
Q-
NAM .

TABLE
UF .
AD -
AY -
ADX -
AQ -
AZ .
ADQ -
AZQ -
AL -
AZZQ -

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Ampnibole by random orientation SAZD [shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

émphfbo1e by random orientaticn SAZD and Qualitative
0XA

Amphibole by Quant<tative EDXA
Amphibole by one Zone Axis SAED
Sgggibole by random orientation SAED and Quantitative

Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED patterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 22965 Client SCHAFER & ASSOC.

Sample No. SW-3-4

Date 12/5/91

Total Asbestos Fibers 15 MFL
Chrysotile Fibers : *BDL MFL
Amphibole Fibers 15 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 6 MFL
Mass (Chrysotile) ' *BDL ng/L
Mass (amphibole) 42 ' pg/L
More/Less than 5 Chrysotile

Fibers in- Sample , LESS

More/Less than 5 Amphibole ’

Fibers in Sample MORE

Poisson 95% Confidence Interval 12 to 19 MFL
Detection Limit 0.2 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 7 8 5 7 51
Particle Width - Microns
O -.04 .05 - .09 1 - .14 .15 - .19 2 - .24 .25 & UP
0 6 8 13 13 38

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
23 26 . 15 6 2 ) 6

=/ EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-0800
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26-Nov-1991 13:02:25
Execution time =
229%6~-3,A,H01,8A

5

Vert= 200 counts
Energy Counts
0.52 483. 0

v
1.25 2%9. Mg
1.73 853. S1i
3.70 164. Ca
6&.40 177. Fe

Quantex?

0.120 Ranpge=

26-Naov-1991 13:04:47
Execution time =

o 7
22956-3,A,H02, 8A

Vert= 200 counts
Energy Counts
0.51 1403. 0

Vv
1.25 99%5. Mg
1.73 2915. Si
2.62 S6. Cl
3.69 705. Ca
€.40 242. Fe

Quantex?

0.120 Range=

seconds
Preset= 0Off

Disp= 1 Elapsed= 44 gecs
X-Ray Lines

K 0 K ,V L ,Vv L ,V L ,

L

K 4 Mg K , Mg K

K 4, 81 K

K 4 Ca K

K 4 Fe K

10.230 keV 10.230
Integral 0 = 8780
seconds
Fregset= Off

Disp= 1 Elapsed= 21 secs
X~-Ray Lines

K 0 K 0V L ,V L ,V L ,

L

K 4 Mg K , Mg K

K , Si K

K 4 Cl K

K , CakK

K 4 Fe K

10.230 keV 10.230
Integral 0 = 13070



26-Nov-13991 13:05:57

Execution time =
22956~-3,A,H403,5A

& seconds

Vert= 200 counts
Energy Counts
0.52 S572. 0

Vv
1.25 424, Mo
1.74 1297. Si
3.70 303. Ca
6. 40 156. Fe

Quantex?

0.120 Ranges=

26-Nov-1991 13:08:22

Execution time =
22956-3,A4,#04,5A

o

Vert= 200 counts

Energy Counts

0.92 432. 0

vV

1.25 31i1. Mg
1.73 995. Si
3.68 214. Ca
6.39 170. Fe

Quantex)

0.120 Range=

Disp=
X~Ray Lines

Freset= Off
1 Elapsed= 22 secs

0 K ,Vv L ,V L ,V L ,

L
K , Mg K , Mg K
K 4 Si K
K , Ca K
K 4 Fe K
10.230 keV 10.230
Integral 0 = 8739
seconds
Freset= O0Off
Disp= 1 Elapsed= 46 secs

K
L

K

K

10.

X~-Ray Lines

0 K , vV L ,V L ,V L ,

Mg K , Mg K
Si K
Ca K

Fe K

230 keV 10.230
Integral 0 = 12918



26-Nov-1991 13:10:42

Execution time = 9 seconds
22956-3,A, H05, 8A Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 27 secs
Enerygy Counts X-Ray Lines
0.51 491. 0O K ,0 K , v L , Vv L 4,9 L ,
v L
1.24 436. Mg K 4, Mg K
1.74 12€0. Si K , Si K
3.35 72. K K 4, K K
3.68 198. Ca K , Ca kK
€.37 86. Fe K , Fe K
Quantex?
0.120 Range= 10.230 keV 10.230

Integral 0 = 8309




26~Nov-1991 13:15:01

22956-3, A, H06, SA

ENERGY COUNTS X-RAY LINES
0.51 - 744. 0 KAl, 0 KA2, V LAil, V LA2, V LER1, VvV LG1
Ll.239 576. Mg KAl, Mg KA2, Mg KE1
1.74 1657. Si KAl, S8i KAg
Ja 35 32. K KRl, K HKA2
J.68 412. Ca KAl, Ca KA2
4,03 40. Ca KEB1, Ca KE3
.37 23. Cr KAl, Cr KAZ2
€6.39 141. Fe KA1, Fe KAR2
7.01 31. Fe KB1, Fe KE3
26-Nov-1391 13:22:40
Execution time = & seconds
22956-3, A, H0I, SA Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 28 secs
Energy Counts X-Ray Lines
0.51 712. 0 K ,0 K ,V L ,V L ,V L ,
v L
1.26 412. Mg KW , Mg K , Mg K
1.74 1400. Si K , S8i K
3.68 313. Ca K , Ca K
6.38 165. Fe K , Fe K
Quantex?
0.120 Range= 10.230 keV 10.230
: Integral 0 = 8572




26-Nov-1991 13:24:24

Execution time =
229%6-3,A, H10,5A
Vert=

6 seconds

200 counts

Energy Counts
0.51 1818. 0
v
1.25 1456. My
1.74 3832. S1
3.68 i10ea. Ca
4.01 109. Ca
€. 40 2ea. Fe

Quantex)

0.120 Range=

26-Nov-1991 13:23:39

Execution time =
22956~-3,A,H#H11,5A
Vert=

Envergy Counts

6

200 counts

0.91 805, 0

Vv

1.295 409. Mg
1.74 1479. Si
3.68 239. Ca
6.41 143. Fe

Quantex?

0.120 Range=

Disp=

1

X-Ray Lines

K

K

K

K

10.230 keV

Ca

Ca

Fe

seconds

Disp=

1

X-Ray Lines

K
L

K

K

v

10.230 hkeV

0

Mg
Si
Ca

Fe

Preset= Off
Elapseds= 24 secs
K ,V L ,V L ,V L |,
K 4 Mg K
K
K
K
K
10.230
Integral 0 = 16345
Preset= Off
Elapsed= 23 secs
K 4V L ,V L ,V L ,
K 4 Mg K
K
K
K
10.230
Integral 0 = 7830



26-Nov=1991 13:34:47

Execution time

229%6-3,A, H13,5A
Vert= - 200 counts
Energy Counts
0.51 €40. 0
Y/
1.25 330. Mg
1.74 1297. Si
3.69 157. Ca
639 263. -3
Quantex)
0.120 Range=

7 seconds

26-Nov=1991 13:37:285

Execution time
22956-3,A,H#14,5A

200 counts
Energy Counts

Vert=

0.51

Quantex?

0.120

8

1820. 0
vV

i201. Mg
3209. Si
386. Ca
127. Ca
177. Fe
Ranges=

Freset= Off

Disp= 1 Elapsed= 39 secs

K

X—-Ray Lines

,0 K , v L ,V L ,Vv L ,

L
K 4 Mg K , Mg K
K 4 81 K
K 4 Ca K
K 4 Fe K
10.230 keV 10.230
Integral 0 = 9732
seconds
FPreset= Off
Disp= 1 Elapsed= 36 secs
X-Ray Lines
K ,0 K ,V L .,V L 4,V L ,
L
K 4, Mg K , Mg K
K 4 8i K
K 5, Ca K
K 4 Ca K
K 4 Fe K
10.230 keV 10.230

Integral 0 = 17442



26-Nov-1991 13:40:06
Execution time = &
229%6-3,A, #H15,8A

Vert= 200 counts
Energy Counts
0.51 arze. 0

Vv
1.25 557 Mo
1.74 1951. Si
3.32 66. K
3.69 249. Ca
G. 40 349. Fe

Quantex)

0.120 Range=
26-Nov-1991 13:44:05
Execution time = 6
22956-3,A, H16,5R
Vert= 200 counts

Energy Counts

0.52 1220. 0

vV

1.25 800. Mg
1.74 2553. Si
3.31 150. K
3.69 280. Ca
6.38 273. Fe

Quantex)

0.120 Range=

26-Nov—-1991 13:55:23
Execution time = 8
229%6-3,RA,#18,8A

Vert:= 200 counts
Energy Counts
0.51 S6e. 0

v
1.285 273. Mg
1.74 1014, Si
3.69 ere. Ca

X—-Ray

seconds

Preset= O0Off

Disp= 1 Elapsed= 2% secs

X-Ray lLines

K 40 K , v L ,V¢ L ,V L ,
L

K 4 Mg K , Mg K
K 5, 8i K
K 4 K K
K 4 Ca K
K 4 Fe K

10.230 keV 10.230
Integral 0 = 9226
seconds
Preset= Off
Disp= 1 Elapsed= 3% secs

Lines

K 40 K , v L ,v L ,v L ,
L _

K_ s Mg K , Mg K
K 4 8i K
K , K K
K 4 Ca K
K 4 Fe K

10.230 hkeV 10.230
Integral 0 = 11657
seconds
Preset= Off
Disp= 1 Elapsed= 32 secs

X—-Ray Lines

K 40 K ,V L ,Vv L ,v L ,
L ]

K 4 Mg K
K 45 8i K
K « Ca K



L. 40 = 1y, re n , re n

Quantex)
0.120 Range= 10.230 keV 10.230
Integral 0 = 7815
26-Mov—-1991 13:59:03
Execution time = 8 seconds
22956-3,A, #19,5A Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 3% secs
Energy Counts X-Ray Lines
0.52 396. 0O K ,0 K , ¢V L ,V L L,V L ,
v L
1.25 580. Mg K 4, Mg K 4, Mg K
1.74 2239. Si K , 8i K
3.69 459. Ca K , Ca K
6. 40 192. Fe K , Fe K
Quantex)
0.120 Ranpge= 10.230 heV 10.230

Integral 0 = 14842



26~-Nov—-1991 14:03:51

Execution time = € seconds
22936~3,A, H23, 5A Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 20 secs
Energy Counts X-Ray Lines
0.51 €34, 0 K ,,0 K , Vv L , v L ,V L ,
v L
1.25 S00. Mg K , Mg K , Mg K
1.74 1553. Si K , 8i K
3.69 240. Ca K , Ca K
6.37 155. Fe K , Fe K

Quantex?
0.120 Range= 10.230 keV 10.230
Integeral 0 = 83590



EMERGY

26-NMov-1991 14:06:04 2295%56-3,A, H24,9A
COUNTS X-RAY LIMNES
1240. 0 KA1, 0 KA2, V LAL, V LAA, V LEL, V LG1
6€7. Ma KA1, Ma KA2, ZIn LAl, Zn LAZ2, Zn LEl, Zn LGI1
813. Mg KA1, Mg KA2, Mg KRBR1
2464. Si KA1, Si KA2
108. K KA1, K KA2
245. Ca KA1, Ca KA2
Si2. Fe KA1, Fe KA2
77. Fe KR1, Fe KR3
26-Nov-1991 14:15:06
Execution time = 7 seconds ,
2295%6-3,A, H25,8A Preset= Off
Vert= 200 counts Disp= 1 Elapseds= 28 secs
Evergy Counts X-Ray Lines
0.51 695, 0 K ,0 K ,V L ,Vv L ,Vv L ,
v L
1.25 418. Mg K 4, Mg K , Mg K
1.73 1599, 8i K , Si K
3.68 215. Ca K 4, Ca K
6.39 218. Fe K , Fe K
Quantex>
0.120 Range= 10.230 heV _ 10.230
Integral 0 = 11217



26-Nov-1991 14:26:12

Execution time =
22956-3,A, 28, 8A

7 seconds

Vert= 200 counts
Energy Counts
0.92 442, 0

vV
1.25 300. Mg
1.74 733. Si
3.33 1. K
3.69 121. Ca
6.41 71. Fe

Quantex?

- 0.120 Range=

Digp= 1

K

K

s O

s Mo
y 9i
s K

s Ca

« Fe

10.230 keV

X-Ray lLines

K

K

Fregset= Off
Elapsed= 26 secs

10.230
Integral 0 = €940



L 1v8 g \DDLA) LU nnru,l .)10 S S T
MSLabNo._ 27465 - -

Sw-3 u BT o o
* I No. : VA eup T T o
mp_c,_ 0. — — _,D. 01 . won

2 ] mnzse[ )

Scroem Magmifcmion ﬁC"SCQ' ’

Cosncen Comstass
Ast!:!uz'_-.-:;\!oh;e() .
"- ) .o-.(
Amatys | &C\/LCL / #\ . . Dac lz?ﬁf '7“
Dimensions (mm) Fiber Classification EDS Analysis
Grid opening| Sk #]Str]] widih [ Lengm -'—“}"fm cm] ] ] au]jao]fur] ab] Ax Japx] ac]apo] azo]azz} [N Tmg] sifca | re w Comments
Z pa Wile V4 SHAT Y  vemally
3 j['2, Qéf 7 | Qi 2 ll T
- ’:é | B | %5‘2 | v ]tioy £ .
5 %’L— v ) 4 Z 4113 1 ry L |
NN WAl I | VISl 32 | i I e _ I D G | DO
Z B de / 2 40t ‘S_}A_ﬁl#‘ci_&j;cd‘-)/
g Z, _ % Jyolo tob Whikee”
- ¢ / I 2|e : '
@) (O 2 3;’! / 310 3¢
Yu v e ] / 2ol
"= - %
/L) LY 2 2 - ~ -
~  |/F = 11490 7
/6 21 15 e
(% clll [WE) ~
18 + L1 ¢o . -
9 (2. 16K - 21701214 IYemd G Az
0 2 | 4s 1 _ .
2/ /o3 W23 7
. 12> 3 120 |l ;
e 1723 241D
{5) 2 B - ,
e e | L _
: PRI Dchns:D v'u,',L"i.;uU \- uguD Mndcnch lhvyD VaylkzvyD
"~ Gypsom: D VayUgm [ I‘Lxghl_D_ Mot (7 ey O ey by O



n.,n:x f\.)DL.) [ UD nunpl .)lx) .

MS Lab \lo. Q Z 6 _ —— o |

Scrcon Magwification .
Caencea C: 'é/ ]
Accciceating Volage vy . -
. Boarn G (7 - g
Anatya /@Z J/": N D*_Z%
Dimensions (mm) Fiber Classification  EDS Analysis /| 7
Grid opening] Sy #]Stefl Width | Length |INaM] TM]em]on]ao] cuo]ao][ur] ap] ax [aox] ao] ano]am]azz] | ne sifcafre]] Comments
(5) 2(/ ,;)’ 3 \/ ::,,,',i—.'x
26 ISl W < _ _
o 7 /i 5 L 21/9] 21/ TY¢mo
Z’i d gb / _ 7.
271 {-s" 1 /25 ~ ,-
200 .2 Vebo B d_ b b 0 11 — 4 SN T O D |
2 4 %}7 - /
22 L} Z
- 33 < /
/4 3 TLZ% NV
~ 2(1” 14 LIS Z ] ' -
2L ol WY~ “ 3poly {7 fremy
27 (] 200 4
=5 P10 L - -
2g LSV iw < .
Y/ [ €< -
{1z 17> - = ) /
W2 N 124 - Sl L4 A N WAL
Yy o | 22 ; : L
ys— iey” | 12,
A -'
Y
OBS ﬁﬁoN — —
T T o O Vel O usnD WD "G'YD Veyway O -

- GWQ Very Lig [ tign [J Moderare [ 'uav,D " VeyHavy [




